


Proposed Projects

A X-ray Thermal Diffuse Scattering (On going now)
A Multigrain Xray diffraction (initiated since 2013)
A Universal Membrane cap for most DACs (On going now)

ASt andard Ocheapdé resistive
2013)




X-ray thermal diffuse scattering (TDS)

A X-ray thermal diffuse scattering (TDS) is caused by lattice thermal vibrations (phop
In contrast to sharp Bragg diffraction peaks, TDS is diffusely distributed, due to the

continuous distributiohphonomodes in the reciprocal space.

—
—

A Historically it has been used for determine phonon dispersion relation in crystals.
1960s TDS experiments were performed using laboratagay$ources and on crystals

of several cubic millimeterssize. Data collection $gow

A With 3 generatiorundulatorX-ray source, TDS experiments for samples were carrje
out successfully ambient conditionSerious efforts to implement TDS analysis at hig
pressurare currently under way @&hotonFactorgnd ESRFJhtsuet al. 2008,
Wehingeret al. 2014), yet in USA, besides the single studylnyg et al.in 2006 on

vanadium, we are not aware of any attempts in this direction.




X-ray thermal diffuse scattering (TDS)

A The advantages of using TDS for measuring sound velocities of Earth
materials include but are not limited to:
A 1. TDS can be applied for work with diamond anvil €eNd apparatus easily.
A 2. TDS is highly suitable for measurementpaque materials
A 3. Singlecrystal elastic propertiezan be determined through TDS.
A 4. The method easily appliesltover symmetry materials

A 5. Themethoddoes not require special sample preparatfpolishing), is not sensitive

to surface guality, and is much less sensitive to sample orientation tBaificum.
A 6. Data acquisition is fagiith 3rd generationundulatorX-ray source (e.g. APS).

A 7. Experimentadetupis essentially identical to what is used for routinayX

diffraction experiments




X-ray thermal diffuse scattering (TDS)
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X-ray thermal diffuse scattering (TDS)

Wang et al. 2004
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X-ray thermal diffuse scattering (TDS)

A We devised a plan in whigbreliminary tests and methodological developments will be
carried out at PX”*2while in the future, we will seelP&P partnership with APS Sector 3«
where undulator source and smicrometer focusing are available. In December we
initiated a collaboration with sect8d4 beamlinescientist DRuqgingXu an expert on TDS

analysis at ambient pressure. First testing experiments were conducted at 13BMC.




Multi-grain X-ray diffraction

A Reliable analysis of data from highessure
experiments that involve sampleba@tween the
single crystal and powder state has been very
on the wish list of mineral physics researchers
several years.

A There has been a number of recent very exciti
highpressure discoveries that resulted from las
heating experiments and produced coarse pow
samples of new unquenchable phases, e,Q.Fe
(Lavinaet al. 2009, PNAS)Hpv (Zhang et al.
2013, PNAS), #bhase (Zhang et al. 2014,
Science 2014), carbonatadédrliniet al. 2012,
EPSL), with analysis performed using the multi
approach.

A The same approach has also been applied to stUQy
lattice preferred orientation development in

rheologicakexperiments is DACs (NISR et al. 2014,
HPR). Zhang et al. 2013, PNAS. Data from 161DB




Multi-grain X-ray diffraction

Typical samples of new phases obtained by laser heating of
single crystals contain multiple homogeneous single crystal
grains on a micrometer scale (e.g. above laser heated Fe203),
but there is often a mixture of phases present (e.g.
untransformed starting material).

Structure and properties (e.g. oxidation state) of these grains
can be evaluated using multigrain diffraction (monochromatic or
Laue).

Dera et al. in prep. Laue diffraction data from 34IDD




Multi-grain X-ray diffraction

A Development ofeliable and optimized heating protoaghich will reproducibly
yield optimalsamples. (GUP proposalsi3iaia 161DB

A Development of optimized datallection strategwhich will guarantee best data
guality, minimize effects of sample moving with respect to the beam during data
collection, maximize data coverage, €¢&UP proposals 13IDD and 16IDB)

A Development of software that will allow carrying out the data analysis in a manner
simple enough for at least partial-time-fly data interpretation (ATREXoftware

development project)
Synthesis and Microdiffraction at Extreme Pressures and

Temperatures
Barbara Lavina®, Przemyslaw Dera?, Yue Meng?®
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Universal Membrane cap for most DACs

A Advantage of Membrane ca convert scresdriven DAC into membraikgiven DAC
A Remote precise pressure control

A Currently available membrane caps
A Too many DACs in different sifesne cap for each type
A Limitations to the DAC openthtXS, Brillouin, singlesial XRD

A Most are good only for compressiodafy thanks toStasSinogekin: solved bydouble
membrane cap desigh

A Our target:
A Modify the membrane cap after previous designs (e.g. Yale, UIUC, esptzidlly d e s i ¢
A One cap for allDACSn differentsizes: different spacers
A No lose in DAC openinpideal for single crystal studies




Universal Membrane cap for most DACs

A Our strategy
ASingle membrane cap
ADouble membrane cap
AOnline resource: extensive test with perspective users
AOrder available for all COMPRES users through UH machine shop




Standard ‘““cheap” resistive heater for DAC

Limitations of conventional Pt heaters

A 1. Lots of worlto wrap up a Pt heater

A 2. specificationdifferent frompiece topiece

A 3.In general not reusableery expensivé~$250/pc or even more)
A 4. Temperature limited to 806KD00K

Our target is to design a heater with following characteristics:

A 1.Ready for useminimal work to attach to a DAC

A 2. Well-calibrated specifications have to be repeatable from pieceitre, and from
time to time: estimation of T power curve

A 3. Reusabland not expensive
A 4. Universalfits as many types of DACs as possible
A 5. Wide range of temperature ipossible




Standard ‘““cheap” resistive heater for DAC

A CommercialV-Al,O, metal ceramics heater caaach1000 K within 30s,very
stableand cheap €$10/pc ). However their sizes are not suitable for DAC
experiments. We plan tmodifythe dimensions of the commercialized hedtefi
In the B>90 cell, modified 3pin and 4pin MerriltBassett cells, which are the most

widely used resistive heated DACs in the mineral physics community.

A Order will be availablefor all COMPRESsers in the future.
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