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Executive Summary (approx. 100 words)

An Advanced Diffraction and Scattering (ADS) Beamsliis proposed for construction at the

Australian Synchrotron. The beamline will be opsed for a range of leading-edge diffraction and
scattering techniques and will enable high-speed dequisition and sample mapping. The beamline
aims to cater to applied, fundamental, and indaistesearchers from diverse backgrounds, including
materials science and engineering, earth scienbesistry, and biology.

The beamline design will allow delivery of monochmatic and polychromatic X-rays over an energy
range of 30-120 keV, with a minimum spot size im thrder of 10's of microns. Existing and
prospective users will benefit from the availailif high energy X-rays which enable bulk materials
analysis, wideg-space sampling, simultaneous collection of mudtiptattering vectors, and reduged
radiation damage.
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B1: Description of Proposed Beamline/Development Bject

Scientific Context and Obijectives

The Australian chemical, materials and engineergsgarch communities have developed a strong
diffraction and characterisation background extegdicross a broad range of research areas and have
made significant impacts on the world stage. Initamlg the synchrotron user community has beent buil
up over many years through access to the Austral&ional Beamline Facility at the Photon Factary i
Japan. Consequently, one of the initial beamlindset constructed at the Australian Synchrotron tivas
bending magnet powder diffraction beamline, whezdommunity has continued to mature and flourish.
However, there is a large portion of the diffrantmpmmunity, particularly in materials development
characterisation, that cannot be serviced by tipakifities of existing beamline infrastructure amd,
such, these groups continue to seek access tmatitanal facilities. This scenario is doubly trum f
materials engineering researchers who, at presety, have local access to neutron facilities. The
capabilities of the proposedldvanced Diffraction and Scattering (ADS) beamline compare well with
that on offer at world leading international faids such as the ESRF (ID15), the APS (1-ID and)1-
and more recently, DLS (JEEP) and Petra (P02 aiiyl BAd in the future, NSLS-II (XPD).

In addition to applied and fundamental researchodppities, it is also expected that the ADS
beamline will attract legitimate commercial intdres high energy X-ray (HEX) beamline, such as that
proposed herein, provides a unique opportunity xangne engineering components for various
industries, including automotive and aeronauti€al.ID15 at the ESRF, the value of beamtime sold for
proprietary research in these areas was€75k per year for over the past 5-10 years. In52@be
beamline’s gross income for these beamtime appitaexceeded €200Kk; only limited by the ESRF due
to the priority placed on science, versus industisa.

There are several advantages to using HEX, in tiiéegt of engineering and materials research
and also, perhaps surprisingly, to biological sa®iplhe characteristics of HEX enable the following

» Bulk materials analysis, through use of micron dgibeam(s); bulk sample information can be
obtained, but also allows mapping etc.;

* Wideg-space sampling; the short wavelengths are idealaimpling large g-space range;

* Use of complex sample environments; high energneble penetration of large and elaborate
sample cells;

» Simultaneous collection of multiple scattering west without HEX this is not achievable unless
using a spallation neutron source; and

* Reduced radiation damage; due to reduced absomntibfiaster data acquisition times.

The proposed beamline will provide opportunitiesAoastralasian scientists to explore problems in
a broad range of areas, which largely fall into main categories relating to beamline functionality

1. Monochromatic diffraction, using large area detegteuch as:
a. Ultra-fast 'traditional' powder diffraction;
b. Total scattering analysis or Pair Distribution Fumet (PDF) analysis of crystalline and
amorphous materials;
c. Single crystal studies at high energy for uniquecstral and charge density analyses; and
d. Rapid texture analysis and 2D materials mapping.

2. Polychromatic studies, including:
a. Energy dispersive diffraction studies from an iged3D gauge volume; and
b. Laue diffraction.
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A high-energy X-ray probe is a uniqgue and poweiriatrument for a vast number of scientific and
industrial studies, and is currently accessiblg amlinternational facilities. Even with this bgithe case,
there is already a large and active user communtiliging HEX scattering techniques, as shown kg th
number of proponents above. Given the advantagesi@df scattering techniques, it is certain that the
number of users would dramatically increase givecall access to such a beamline, enabling the
community to be competitive in a broad range oéaesh areas at an international level. The teclesiqu
outlined above are well developed and the Austa8gnchrotron and its user communities have close
collaborative contacts with international instituts, allowing all techniques to be implemented kjyiat
the Australian Synchrotron with little developménte.

The potential commercial prospects, mainly throngin-destructive residual stress analysis, are
large. Australasian industry will no doubt bendfadm such techniques. In addition, limited access
such facilities means that potential commerciaras world wide outweigh the available beam time.

Overview of Design Elements

Source and Optics Discussion

The ADS beamline will require installation at arsémtion device straight section, most likely
utilising a superconducting wiggler in order to iasle the upper energy of the design ideal. The beam
will be designed for use over the energy range @L30 keV and will be capable of allowing both
monochromatic and polychromatic modes of operation.

Also crucial to the performance of the beamlin¢his optimisation of flux density. A number of
experiments that will be conducted on the beamdire reliant on high flux; this includes situ PDF
measurements. Therefore, the optical focussing caemts will ideally be as far up stream as prabteca
in order to avoid loss of flux density through lzomtal (and vertical) divergence of the beam.

One of the challenging aspects of a beamline oh awsource is the high heat load that is incident
on the optics, the sample and ultimately the detscT his issue has already been addressed by ibeaml
at the Australian Synchrotron such as the XAS beemand more recently, and relevantly, the IM
beamline. By removing or limiting the throughputlofver energy radiation (i.e. <30 keV) through the
use of filters at the front end of the optics itllve possible to minimise the incident heat load
downstream of the source.

As dedicated micro-focus beamlines are proposexivbksre, it is not anticipated that the beamline
will attempt to make any records in terms of theabest spot size achievable. Again, this desigreetsp
relates to flux density and also the practicalitieal of the experiments being undertaken on tlzertliee.

It is therefore expected that a spot size on theroof 20 (V) x 100 (H) pum is readily achievable.

Detectors

Detector selection is critical to the performan€ary synchrotron beamline and it is often detector
performance that lags behind the technology of datieer beamline components. On this beamline,
detector selection will be a challenge due to tigh lenergies involved, but with the on-going detect
development around the world, such as the PILATt#4a detector and the MAR amorphous Se detector,
it is expected that there will be a range of omiarnen this beamline comes on-line, in additiothtise
already in use, such as the Thales and GE flal pas& detectors.

Although the detector resolution requirements ba@lmodest (e.g. 100 pum pixel size), the detectors
must allow rapid, real-time data acquisition fanei resolved anth situ studies and have a high dynamic
range to complement the available X-ray flux

A highly collimated, high resolution energy-resolgidetector system is also required for energy-
dispersive diffraction studies. For Laue diffraati@an area detector would be needed with goodeffiy
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over the utilised energy range. Energy-sensitiea @etectors are currently under development iaraév
groups around the world, and may be a viable optiben this beamline is built.

Experimental Equipment

A variety of sample stages and sample environmecitiaries forin situ experimentation must be
made available in-house for use at the beamlinedutition, the end station must also incorporage th
flexibility to accommodate a wide variety of usepplied sample apparatuses.

B2: Applications and Potential Outcomes to Austran Scientific Community

The ADS beamline will provide a range of opportigsitfor fundamental, applied and commercial
research to advance knowledge in fields such aeriakst development and characterisation, engingerin
biology, energy production and storage, earth seiermanufacturing and minerals processing.

The beamline will open fields of research previgushtapped or underutilised in Australia and
will maintain Australia’s place at the forefront diffraction-based research and pioneering. Sonmtbef
research areas that will be enhanced include: digtatal scattering analysis which provides
complementary species coordination information hat tobtained by EXAFS; high enerdg situ
macromolecular crystallography; complexsitu materials processing studies; charge densityesudind
energy dispersive diffraction experimental techeigevelopment.

The ADS beamline seeks to address the shortfédical capability that affects a range of research
areas. These are reiterated below, along with stasiees from some of the existing research groups.

Monochromatic diffraction, using large area detectos

a. ‘Traditional’ powder diffraction (PD), including: s tructural characterisation, in situ studies,
phase identification/quantification, etc.

PD Case Study: In situ diffraction studies of mixed ionic conductors - Ling, University of Sydney
Materials that exhibit significant mobility of défent types of charge carriems.d. oxide ions,
protons, and electrons) have diverse potentialiegtins as fuel cells, membranes, electrodesetadt
and sensors. Mixed conductivity is often associatithl a high uptake of water at moderate tempeeatur
(below ca. 600 °C), leading to complex sequences of phasesitrans as functions of temperature,
pressure and humidity. Characterising these segsdscrucial to understanding their functionlity

Figure 1: Crystal structure of-111-Ba;Nb,Oy.1/3H,0

In order to extend this research, it is necessacpliect
data under conditions of high water vapour /oxyggavogen
pressures, to provide information about the redasitability of
the various phases under fuel cell operating caditin situ
experiments require the use of sample cells witkén walls
than can be penetrated by X-rays on the PD beantiirteare
well suited to the ADS beamline.

Furthermore, we have so far only solved the average
structure of the-Ill phase - see Figure 1 - our single crystal
diffraction data show that the true structure isd&@x4
superstructure of this average, while fhié andy-1 phases have different superstructures. Theisaloff
these superstructures may well be intractable pro$| given the likelihood that they coexist withngo
local disorder. The best way to characterise tmslgoting layers, and thereby understand the cormtuct
mechanisms, would be through Pair Distribution Femc (PDF) analysis. The ADS beamline will
uniquely permit several experiments that advanckergtanding.
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PD Case Study: Ultra-Fast Kinetics Using Time-Resolved Diffraction - Riley, University of Melbourne
Intense high-energy X-rays provide sufficient traission of samples and diffraction intensities to
directly measure chemical kinetics of reactionsmlany industrially relevant processes, the surtace
volume ratio of the sample will influence the ratestants of reacting compounds, which, if suffidie
high, will completely inhibit the reaction. Usingnie-resolved diffraction, optimisation of novel regal
synthesis, simulated service environments and
dynamics of phase transitions have all been
verified in a non-destructive, unobtrusive manner.
These applications have, respectively, achieved
significant reductions in the developmental costs
of novel discovery, allowed for improvement of
s e : B industrial process efficiencies and provided direct
"Reactants (3TH+SIC+C) ' ‘ observation of previously unknown phenomena -
SHS Ignition I_,Time see Figure 2.

Ti(Si)Cy
o—Ti B-Ti TisSiCy

Figure 2: Fundamental phase transitions-{i — f-Ti) during an ultra-fast reaction (time resolution
<0.1s), resulting in the optimisation of a novehguound, TiSiC>.

To date in Australia, only neutron diffraction prdes sufficient penetration of both sample and
ancillary equipment to allow routine measurementrefction kinetics. However, several distinct
advantages of X-Rays arise from the ability to eehi greater spatial resolution (i.e. ability to use
focusing optics with greater precision) and chemselectivity using absorption edge contrast. In
combination, these attributes of X-Rays allow fotwnetric mapping of reaction kinetics with possibl
correlation to localised chemical inhomogeneitiglich, if absent, can result in inaccurate intetigtien
of data. Furthermore, the high diffraction pealoheson and significantly high fluxes of X-Rays pide
unrivalled solution to crystallographic cell pardere and the shortest time resolutions for kinetic
analysis.

PD Case Study: In situ studies of gas-solid reaction mechanisms under high gas pressure - Gray,
Griffith University

Powder diffraction is a powerful tool for elucidagi the mechanism and pathway of a reaction via
the crystallography of the reactants and prodddis group has used neutrons and, to a lesserteXten
rays and muons, to study a number of hydrogen getongaterials under deuterium pressures up to 2600
bar. Access to the ADS beamline will provide anapynity to set up a world-class facility for stunly
such materials under medium-high gas pressure.ré&/budlding an advanced X-ray sample holder based
around a single-crystal sapphire capillary embeddedhigh-pressure gas-handling system. The cancep
has been realised at pressures up to about 15fyh@hupat al* and Ravnsbeett al> and used with
great effect to study the thermal desorption speaufthydrogen storage materials such as borohyalride

The experiments to be undertaken requae700 bar hydrogen gas pressure at 600°C. Due to the
large thick-walled sample environment, the X-ragrgy available on the current PD beamline is t@o o
for such experiments, but the energy range of th& Aeamline is ideal.

PD Case Study: High pressure engineering properties of nanoparticles - Gu, Australian Synchrotron

Access to high pressures opens new horizons fimgunaterial structures and properties. Studies
of condensed matter under static high pressureitimmsl extending into the 100 GPa range, under
simultaneous very high temperature or low tempeeatondition§’ can be used for fields ranging from
minerals, earth and planetary science, to solite stysics and chemistry, and material sci&hce
Various types of sample cell are now availabletfiese studies such as diamond anvil cells (DAGs)d
Paris-Edinburgh celt&
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High pressure X-ray diffraction (HP-XRD) was useditivestigate the engineering properties of
Ag and Au nanoparticles materials under extremaditioms'2. This work used the small spot size and
high intensities available at the Materials Scierfoeamline at the Swiss Light Source. The
compressibility of silver and gold nanoparticlesfgended in a methanol-ethanol mixture was studyed b
diffraction at pressures up to 30 GPa. Unexpectémilyhat size, the nanoparticles show a signifiigan
higher stiffness than the corresponding bulk makeriThe bulk modulus of n-Au shows an increase of
ca.60% and is in the order of W or Ir. The unexpedtigth stiffness may open new fields of applications
to these noble metal nanoparticles and it couldxpected that other metal nanoparticles show dasimi
trend. To carry this work out in Australia requisasall spot sizes and high intensities that actaetise
ADS beamline will bring.

b. PDF: solid- and liquid-state total scattering analgis

Pair distribution function analysis uses an endiiffraction pattern, not just peak positions and
intensities, to recover structure information ie florm of a radial distribution function of inteteanic
distances from both crystalline and amorphous nas$eiThe PDF is a radial distribution functionateld
to the probability of finding two atoms at a distarmr, including those which may deviate from the
average long-range structure, providing insight itite instantaneous structure. PDF analysis has bee
used in the study of nanoporous host-guest systeamsorphous aluminosilicatés®and nanocrystalline
titania'®.

The incident beam energy must be as high as pestbmaximise the accessibdespace. In
addition, the high intensities at the ADS beamiiikkalso enablén situ experiments.

PDF Case Study: Negative thermal expansion materials - Kepert, University of Sydney

Negative thermal expansion (NTE) is an exotic makeproperty with attractive potential
applications, most notably in moderating the preidamily positive thermal expansion of materials,
particularly those in high precision applicationsese instability associated with temperature flattin
often reduces performance. This behaviour has srtified in a range of oxide-based materials, as
well as molecular framework materials containimgeér diatomic bridges such as the cyanide anion.

— We have carried out an situ, PDF study of
Zn(CN), which showed an increase in average
transverse  displacement  with increasing
temperature (Figure 3) giving direct confirmation
of this mechanism for NTE - structural
information extracted directly from the PDFs. The
rich structural and compositional diversity of
. cyanide-bridged molecular framework materials is
expected to yield a vastly expanded range of NTE
materials with enhanced properties and, as such,
the study of the mechanism underlying the NTE in
03 the cyanide-bridged Zn(CW) structure is of
100 200 TIK 300 409 particular relevance.

Figure 3: Average displacement of the C/N bridging atommftoe line connecting the Znentres

The ADS beamline would give access to high intgnsitays with energies afa. 90 keV required
to carry out this experiment.

Displacement | A

0.4

PDF Case Study: Local ordering in Jahn-Teller materials - Kennedy, University of Sydney
The Jahn-Teller (JT) distortion in manganites issoasmted with the unique colossal
magnetoresistance of these oxides. Typically, Thdistortion involves lengthening of two Mn-O bonds
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in the MnQ octahedra, with a concomitant shortening of theefour. This is accompanied by orbital
ordering of the occupied Mn 3d orbitals, which aunces new periodicities into the system, possibly
accompanied by lattice distortions. Understandimegdomplex interplay between this orbital ordemgl

the charge and magnetic ordering that generallgrapanies this, whilst exploring their coupling het
lattice, has emerged as a major challenge in caadlematter science in recent times.

The formation of fluctuating OO domains just beltlive orbital melting temperature has been
postulated and direct experimental observatiomes$é has required the use of a local probe suBibks
analysis. PDF has the enormous advantage over teittaniques such as EXAFS in that it can readily be
carried out at high temperatures and/or pressuneshais invaluable in the study of complex material

c. Single crystal (SX) studies

Diffuse scattering

Diffuse scattering is the weak background scatietivat occurs in the diffraction patterns (X-ray,
neutron or electron) of all real crystalline maaégifrom the simplest, e.g. NaCl, to the most caxpl
macromolecule, e.g. protein.

In conventional crystallography, the position anténsity of the sharp Bragg diffraction peaks are
used to deduce the average repetitive arrangemératoms in crystals on the unit cell level. Diféus
scattering, the intensity between the Bragg peaksains information about the local deviationsrirthe
average - giving structural details on the 1-100€céle. It is often just these deviations fromakierage,
rather than the average structure itself, that giagerials their unique or novel properties.

SX Case Study: Relaxor ferroelectrics and other functional oxide ceramics - Welberry, ANU

A renewed interest in the field of ferroelectricitsis taken place in recent years since the finadling
exceptional piezoelectric properties in the leadtexclass of relaxor ferroelectric (RF) materigigified
by the disordered perovskites Pbiyghb,:0; (PMN) and PbZp:Nb,:0; (PZN). RFs are materials
having an extremely high dielectric constant thas Isignificant dispersion over a broad range of
frequency and exists over a wide range of temperatWhen doped with PbTiO(a conventional
ferroelectric material), PMN and PZN can exhibighistrain levels, making them promising candidates
for the next generation of solid-state transdu@erd actuators. Although PMN, PZN and numerous
related materials have been extensively studied aveng period, a detailed understanding of thactx
nature of their polar nanostructure has still moesged.

Figure 4: (a) A single frame of data for PZN-PT
using 25 keV X-rays. (b) Part of a full 3-
dimensional data set of PZN recorded using 58
keV X-rays. The relative intensity scales are
1:150

All of the important materials of this kind
are based on Lead, or more recently, on
Bismuth. Both Pb and Bi are strong absorbers of
low-energy (< 25 keV) X-rays, so in order to
obtain good diffuse scattering data, much
higher-energy X-rays must be used. Figure 4(a) shaava collected at 25 keV at the AS PD beamline;
most of the field of view is blocked by the shadoithe crystal, the signal level is very low andréhis
strong powder scattering from surface damage owtitside of the cut crystal. In contrast, Figure)4$
of a comparable sized sample of PZN recorded atAfR8 using 58 keV X-rays. Here, the diffuse
scattering signal is recorded with excellent sigonaloise and shows much fine-detail that is cifuoighe
analysis.
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MX Case Study: Anomalous diffraction at ultra-high energy for protein crystallography - Jakoncic et al.
Recently, an alternative solution to the phasingpfam has emerged with the use of high energy
X-rays for the acquisition of diffraction data frqmotein samples.

“With the advent of third-generation synchrotrorgsyogenic protection of crystals was shown to be
insufficient to prevent crystal deterioration due radiation damage, the major cause of unsuccessful
phasing at third-generation synchrotrons. The tdiatar mass absorption coefficient calculated éor
generic protein sample is about 5 @yh compared with 0.2 cig’ at higher energies, leading to
potential lower cumulated absorbed dose; i.e., legBation damage at high X-ray energies. With an
optimised source, an implemented macromoleculastalipgraphy experimental setup and high-energy
optimised detectors combined together, it will hesgible to collect almost ideal high-quality data
without radiation damage, nearly free of absorptarors.”*?

d. Materials mapping and texture analysis

Case Study: Study of residual strain and texture in thermal barrier coatings - Thornton, DSTO

Thermal barrier coatings (TBCs) typically consittad).3 mm layer of partially stabilised zirconia
over a bond coat of 0.2 mm of NiCoCrAlY appliedatonetal substrate. TBCs are applied to components
that are exposed to hot combustion gases withintgdéne and piston engines in order to thermally
insulate the components. While TBCs are now widelgd, their lifetime cannot be predicted reliably.
The ability to predict TBC lifetimes will enablegaeater utilisation of the coating’s temperatumuiion
properties and requires a full understanding offéilare mechanisms of TBCs.

Through the use of high energsa( 80 keV) X-rays in transmission geometry, it hasi possible
to map the phase composition, texture and structamed obtain information on the magnitude and
distribution of the straifd The observations of out-of plane tensile strainsnd above the interface
supports the proposed mechanisms for TBC failusedan localised swelling of the material undedyin
the zirconia.

To continue this work requires access to high gnetgays, as would be available at the ADS
beamline, in order to penetrate the thick samplé® use of area detectors, enabling the imaging of
complete diffraction rings, will allow the distriban of intensity about the rings to be analysed,
providing texture information. Reflection-geometnethods using lower energy X-rays are not feasible
due to the limited volume sampled by that mode.

Case Study: Phasetransitionsin metal alloys - Liss, ANSTO

Low density, high specific yield strength, high daiion resistance, and good creep properties at
elevated temperatures make intermetaHiiAl-based alloys excellent candidates as strattoraterials
for advanced jet and automotive engines as welloaduture hypersonic vehicles. The mechanical
properties depend strongly on composition, thermegimanical processing, and subsequent heat
treatment. The processes occurring during heatnteed are complex and difficult to study directly.
Therefore, characterisation and measurements acessey with different techniques such as
macroscopic stress and strain measurements, hardesting, optical and electron microscopy,
calorimetry, as well as diffraction methods withutrens and X-rays, to mention but a few.

High-energy X-rays (> 100 keV) can penetrate cesiies into light and medium-dense materials
as investigated here. A high-energy synchrotroraydiffraction study was undertaken at ID15B at the
ESRF to characterism situ phase transitions, recrystallisation behavioud phase evolution in an
intermetallic Ti—-46AI-9Nb alloy up to 1400 *C The combination of the penetration power intautk b
sample and the large high intensity allowed forssticatedn situ investigations
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Polychromatic studies
a. Energy dispersive diffraction

In energy dispersive diffraction, a well-definedlymhromatic incident X-ray beam is used in
conjunction with a highly collimated diffracted lmand an energy-dispersive detector. The intesecti
of the incident beam with the field of view of tleellimator defines an elongated gauge volume or
lozenge in the sample from which a full scattering
pattern is collected. The distribution of intensity
vs energy in the incident beam and the angle
between the incident and diffracted beams
determines the range of observablspacings.
To map a region of interest the sample is raster
scanned through the beam so that the entire
region of interest is examined. The experimental
arrangement is illustrated in Figur&.5

XYZ-stage Figure 5. The experimental arrangement for
energy dispersive diffraction.

)

Sample

Incident
beam slit

Synchrotron L
beam

L
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Case Study: Energy dispersive diffraction studies of inert anodes - Rowles, CSIRO

Traditionally, most characterisation of starting temels and products for electrochemical
investigations in molten salts relies upasitutechniques. Information obtained in this mannesfien
subject to experimental artefacts brought abouthwnges that may take place during preparation of
samples for analysis. Whilsh situ techniques are common in aqueous electrochemistiyivalent
methods for molten-salt electrochemistry are paldity challenging, although McGreget al?* have
implemented a "see-through" cell for observingdk contents during electrolysis.

Previous work" developed a method whereby the internal features @perating electrochemical
cell could be phase mapped quantitatively withaegtiebying the cell. We carried out energy dispersiv
— diffraction (Figure 5) studies of pre-prepared
140 t-*u!‘ff ;ﬁr electrochemical cells that had been operated for
" ﬁ'n [ 10 min, 1, 2, 4 and 7 hours. Line scans - see

3‘}\ nfr X 'q Figure 6 - were taken across the anode at
e i,)‘ ‘;:ﬂ"' ] various positions along the anode, and an
g0 (IR ,ﬁh + 4 o2l B3

L -r

analysis method was developed that allowed the
full quantification of the data via the Rietveld
method.

Figure 6: Accumulated patterns collected for a
cell cycled for 10 minutes. The thickness of the
G“”"Z“&i?,,ii‘;':f.;‘;l”“g”e" 4 R rutile layer can be seen directly. The energy
o 1w w s =2 =2 22 x = | Scalehas been converted té @sing a dummy
— wavelength to allow peak identification.

This research must be conducted at overseas syrafacilities due to the lack of suitable local
facilities. The materials and physical dimensiohshe cells used in this experiment demand acaess t
high energy X-rays in order to penetrate the sampleand electrolyte, typically CagLlAdditionally,
energy dispersive diffraction simplifies the sampddl design as it demands only a single, smalhbea
exit window. Access to a high-energy beamline chpald delivering polychromatic X-rays, with an
energy dispersive detector would enable this erpmnt to be carried out in Australia and greatly
simplify travel arrangements - removing the requieaet to transport entire sample environments
overseas.

60

40§ +%'¢ i ’..:.‘
iJ’ﬁ VI‘

Ao

Distance Along Scan (mm x10)
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Case Study: Geopolymerisation kinetics determination by energy dispersive X-ray diffraction - Provis,
University of Melbourne

Geopolymers are a class of cementitious alumirvaséi binder materials with a variety of
applications including as a high-performance, lo@-Glternative to ordinary Portland cements. The
need to understand and control geopolymeric selt@fviour has led to the application of a varigty
techniques in the analysis of the early stagesopglymerisation. In particulain situ energy-dispersive
diffraction allows the investigation of bulk mai&s inside of reaction chambers.

Previous experimerftshave provided a remarkably accurate quantitatieasure of the extent of
reaction as it progresses towards completion aglded valuable information about geopolymers ag the
solidify. Access to the ADS beamline would allowcBuexperiments to be undertaken in Australia
enabling the use of ‘laboratory-sized’ sample ceflstransmission geometry, greatly simplifying
experimental design.

b. Laue diffraction

Laue diffraction represents the only 'single shdiffraction technique. In this instance the
polychromatic nature of the synchrotron X-ray seuis fully utilised in order to capture the difftan
pattern in a single exposure, removing the needotate the sample to meet the Bragg diffraction
condition. Consequently, the methodology is ideallyited to probe real world samples, in real
environments and in real tifffe Moreover, application of high energy polychromatiiffraction
represents a particularly interesting case. Ame@se in the energy band-pass to the high enengy X-
regime will provide true 3D data, up to severalimibtres in most bulk materials.

Case Study: Electronically driven phase transitionsin Ni-Al alloys - Riley, University of Melbourne

A high-energy ¢a. 100keV) beamline offers the potential to study ghaansitions in bulk crystals
of current interest to materials science. Of pakticinterest are crystals for which the phasesitemm is
believed to be driven by the electronic contribatio the crystal free energy. A typical example lddue
Ni,Aly (0.615< x < 0.64), which undergoes a martensitic transformatiom a CsCl-structure parent
phase to a pseudo-orthorhombic phase on cddlimgjow a transformation temperature,, Which is
strongly composition dependéhtPrevious studies using inelastic neutron scatierihave revealed
phonon softening as a precursor to this phase ftnanation in the parent phase but the strongly
composition-dependent behaviour is suggestive @l@ctronically driven phase transition.

While temperature dependent neutron diffractiomfia single crystal (using the Wombat beamline
at the OPAL reactor) gives a clear indication c¢ tomplexity of the phase transformation and will
provide an understanding of crystal structure terthsmaterials, high-energy X-ray Laue diffracticash
the potential to image the electron density withibulk crystal and thus provide important inforroati
concerning transformation mechanisms.

B3: Match to Selection Criteria

a. Meet the demands of an identified group of researdrs for new techniques

The proposed ADS beamline is a highly sought aftgrability and, as demonstrated, it is well
supported. There are a significant number of rebeas interested in the installation of this beaglian
initial list of proponents is given at the begirmiof this proposal. The beamline design aims tot riree
existing needs of the current user community aravige for development opportunities and frontier
research. It is also anticipated that there willsh®ng interest in the beamline from the commércia
sector.
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b. Take advantage of the existing third generation ligt source

The research to be undertaken at this beamlirergely impossible by other means and currently
inaccessible in Australia; the ADS beamline wilbyide a range of opportunities for development of
research programs in the Australasian region. Hzaritine will take advantage of the characterispics
the Australian Synchrotron third generation soumeuding the use of an insertion device, highcsae
brightness, broad spectrum radiation, access sonedly hard energy X-rays and the ability to obtai
high flux density.

c. Will position Australasian scientists at the leadig edge of their field

The ADS beamline will provide the opportunity fougtralasian researchers to be at the leading
edge of many research areas, including the usenefgg dispersive diffraction and materials
characterisation techniques. The beamline will @®wapabilities previously unavailable in Austali
and will remove barriers to world class sciencedumted locally. The limited number of similar fatbés
around the world will also contribute to the natafeéhe forefront research being undertaken.

d. Can be demonstrated to be feasibly constructed with a 3 year time frame

It is anticipated that this beamline will utilisetasdard components and systems. The
distinctiveness of the beamline arises from thelioation of accessible X-ray energies, the choitce o
detector systems and the use of various sampliedetdages and ancillaries. When considering thle hi
heat load and optical design requirements, it bgllpossible to take advantage of the experienctseof
Australian Synchrotron Imaging and Medical beamlineaddition to a number of international facdgi

B4: Potential Users

This project has been undertaken to address atingxiseed within the Australasian research
community. A list of proponents of the beamline &en provided. Many are within active research
groups that have current and on-going researcheq@ojrequiring access to high energy diffraction
capabilities as proposed herein. The experiendbekexisting powder diffraction beamline has shown
that there is an extensive and growing user comtyiawaiting appropriate facilities. The bending
magnet beamline continues to receive approxima2&¥y of its applications from new users and
demonstrates the wealth of research being undertak@ustralasia that requires access to facilites
materials characterisation and development,situ studies, engineering studies and earth science
research, to name a few. The research being ukdartaas implications for energy production and
storage, the environment, functional materials tgpraent and improvements to the mining and
manufacturing sectors. However, the existing comityun currently not satisfactorily serviced by the
bending magnet beamline alone, due to the relgtiogl upper energy limit.

In addition to the applied and fundamental researsch is predicted that there will be interesifro
the commercial manufacturing and engineering sedtousing this beamline, as has been observed at
facilities such as ID15 at the ESRF.
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