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Who are we?

NSUF Capabilities Offer Research Opportunities
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Where are we?

Brookhaven National Laboratory (BNL) is a United States Department of Energy
national laboratory located in Upton, New York, on Long Island, and was formally
established in 1947.

Bridgeport

...............

Located on Long Island
Land: 5322 acres
“sw. 319 buildings™

BNL hosts National Synchrotron
Light Source-Il (NSLS-II)




Who are we?

Since 2017, we are supporting nuclear science
users under the umbrella of Nuclear Science User
Facilities (NSUF)
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Rapid turnaround experiment (RTE) proposals are easy!

Expected RTE proposal narratives are only 2-pages!
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Overview

The NSUF mission is to facilitate the advancement of nuclear science and technology by providing nuclear energy researchers with access to
world-class capabilities at no cost to the researcher. This mission is enabled by a consortium of pariners that make available state-of-the-art

perimental irradiation testing, post i (PIE), and INL high performance computing (HPC), as well as technical and scientific
assistance for the design and execution of projects. Access to NSUF capabilities is granted through competitive proposal processes

The Rapid Turnaround Experiment (RTE) award process offers an avenue for researchers to perform irradiation effects studies of limited scope on
nuclear fuels and materials of interest utilizing NSUF facilities, with the goal of providing timely results to the research community. Therefore.
RTEs are confined to the scope outlined in the proposal and should be completed within nine months of award notification. While NSUF is

to supp the ful comp of awarded RTE projects, timely participation from the principal investigator (P1) is essential
Failure to provide samples promptly or to complete the project within the nine-month timeframe may result in cancellation, subject to the NSUF
Director's review. To help achieve this timeline, the NSUF provides the following guidelines which have been proven effective based on
experience:

+ Post-irradiation examination (PIE) should be scheduled within three months.
« Samples should be sent to the PIE facility within five months.
+ Project scope should be completed within nine months.

RTE proposals are typically solicited and awarded three times per year. They are reviewed and evaluated for technical merit, relevancy, and
feasibility, as described in the RTE Technical Review Process and must support the DOE Office of Nuclear Energy mission. The number of awards
is dependent on the availability of funding. After the award announcements are made, NSUF may share information from the awarded project that
is of scientific interest to the research community. This may include the names, institutions, and expertise of the Pl and team members, as well as
the project summary, hypothesis, and descriptions of the work, equipment, and data from the application form. Depending on the privacy settings

Proposal Submittal &
Review Schedule

The 2nd solicitation period for
the Rapid Turnaround
Experiment call is on pause.
The NSUF program office at
INL will communicate further
information once new updates
are available.

Solicitation period opens | To Be Determined
RTE Call Seminar To Be Determined

Individual Q8A Sessions | To Be Determined
{must be scheduled in

1 BACKGROUND

We propose to study neutron-imadiated samples with syn-
chrotron X-ray Fluorescence (s-XRF) at the 28ID-2 beamiine
(XPD) of NSLS-IL One of the goals of this project is to demon-
strate the feasibility of using s-XKF 1o oblsin fission product
yields (FYs). The work proposed for this Rapid Turnaround
Experiment (RTE) i the firststep towards this goal.

Gt that muckoa scintists and engineers ute s¢ the joundation
of reactor models and simulations. One such library, managed
and distributed by the National Nudear Data Center (NNDC) at

r

limis of XRE applied to nucese dat an, I particular, 1o the

e yiekds o (
ot sty of the g, an he souncs o sysemaie
uncertainty in the quantification of nuclear reaction products;
(3) Determination of the thermal neutron-capture cross section
of low-abundance isotopes of elements proposed as taggants for
intentional forersscs applcations.

Evaluated FYs are based on experimental measurcments that
have traditionally been performesd with radiochemical method:
involving a chemical separation step, followed by detection of
the characteistc gamma rays emited i the decay of unsa-
hnique, howeves, suffers
rees of uncertainty that are hard to reduce, such
ity on the branching ratios of the gamma rays used
the fission products (which can for some nuclides

20% the one on the absolute normalization of the
yields, that accounts for about one fifth of the tolal uncertainty

New tochniques aro thon being explored to deliver more precise  would

Fgure 1. The most pecse delermirason o Tssen S yekss o was pe-

ctiovtio wih A5

journal; and (3) a thorough study of the systematics of this
technique was never performed, raising doubts on the reported
uncertainties. Over the past few years, in preparation for a
thorough re-evaluation of FYs that comes over 3 decades after
the ane currently adopted in ENDF/B, a need has emenged for a
new high-precision determination of long-lived F
addres this need, we propese a e expermertal cam:
 FYs using s-XRF and
’

yiids can be kept as reported by the INL group,
‘or improved. Furthermore, the high sensitivity of the XRF setup
allow us to reach charge FYs as low as 10°%, two orders

We will focus on neutran-irradiated samples of elements that
are produced in thermal neutroninduced fission of sctinides.
We have selected N

ted neutran,

Tabke 1

Covcermanin o TansTuse3 harts A b Uy 4 gt

. N K N B N K advance) and accurate FY measurements. of magnitude lower than those measured at INL (Fig, 1) e Fechisisedryas ey i -
in the user profile, the email address and phone number of the Pl or their designated point of contact may also be displayed. NSUF will not For parapall ey o 5 s w
) : N . N o . o paign at Idaho National Laboratory (INL) was performed in ST Boviom products e producad. Vs sipect e reacter prodicl . VSN
disclose the project narrative or any other 1 that could negatively impact pt resutting from the awarded research project. Since Proposal due date To Be Determinad e 5700 g e S ) ke S i 'c:"::f‘::f:"“zl i e 0 be uniformly distributed within the sample, and positional  jgocan A 2 w
the goal of all awarded projects is to generate scientifically relevant information for the research community, it is crucial that no proprietary, PN daty for the dlelevmaieiaions of H PG, acu malicul . ACBCY O muclear data sppications, we wil use ‘”‘m;',{":’.f.,w;:::',,",mm,,.\_,‘,.m program is the highe 052081
i i ; i i measuring the a5 a surrogate for nuclear fission. surcment of fision yields, the steps towands this ST W som
sensitive, or confidential information be included in the RTE proposal distribution, reeching, precisions around 1% Some limitetions _ Following capture of a thermal neutron, nuctides will par- i W. il sl rchace sttty Sgnifi ‘ e
ta evaluators question  tially transmute 1 a heavier isotope, the -
 refractory and low-yickd  species via - o clectron capture decay (3s in the example &
e e T L s )], T ey R e o oopem i
£ 2) data and procedure were never and HI which are elements being considered as foel taggants in .
Vetted, as the work was never published in & peer-reviewed » what s referred to.asinfetons forensics (IF), where clements are o Dopm W

LEARN MORE ABOUT RTE RESEARCH AREAS OF INTEREST »
LEARN MORE ABOUT THE RTE REVIEW PROCESS »
SUBMIT AN RTE PROPOSAL »

Rules for Proposal Submission

Failure to meet any of the rules listed below may result in disqualification of the proposal

January 2025 - Clarification to Rule 5 for proposals involving material development. Clarification to Rule 16 to exclude NSUF partner facility points of contact as the collaborator requirement for

proposals from non-U_S. institutions.

September 2024 - Update to Rule 5 to provide clarity on the requirement for RTE awards to create scientific data within the planned scope of work. Update to Rule 17 to suggest use of the NSF

Biographical Sketch template for the CV.
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More

calls are expected to be
announced in 2025.
Please feel free to

contact us

mtopsakal@bnl.gov

qills@bnl.qgov
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and quantify the amous
selected sanpies from NEML. The
nergy of 70 ke, which is we

s of the selected samples. We do not require any specfc
iradiation or smalysisteperatirs, o  melied stmcsphere
for this

The tapetsseectd for this KTE are shown i Tb. 1, with the

of the jucts. Varying neutron flvences will allow us
%o invesigate the lieatity of the method, while the study of
samples with similat irradiation history will give us an estimate
of the repentability and the targetopecific syalematics that il
FY

The rangs of concentrations wached with the selectod neutron,

etector (Canberra) at the
S e of e Y et Qoliive shabe v
XRF measurements will be conducted first, to identify which el-

test of its sensitivity — which in tumn will cutline the secondary
Dhchin e v e e penday
e

Gonty rom this RTE work will b massured ot ientcal sampit-
to-detector distance and beam conditions. Repeated measure-
ments of various samples will verify the repeatability of

‘method, which i 3 required feature to achieve low uncertainties.

As sevon coptue coom-ectin sed the nenkion x ae well
Known, we will be able (0 evaluate the uncertainty of the method
and 1henify powible sources of syseonatc unccruiniic

of the portant p
in the proposed rescarch, we foquest ts accurate determination
before the beamtime experiments planned in this RTE. We ar
requesting two (2) days of NSLS-Il beamtime for the proposed -
seset We ki equee thes beo dagy of besmtine b plt ok
two st (151 daysof b kuamlmx llocsed I two miwe
cycles of NSLS-I). The ive mkmn il alow the
Prepose reearch 1 be competed wht the vmontha bt o
the

RIE
The PI - Dr. ANDREA M.
th measurements of fised

TERA - has a long record of work
products yields and ssomeric yieid
Fatios using direct lon counting, isotope separation and gamina-
ray spectroscopy. He has worked in compilation and evahuation
of fission product yields foe the ENDF/B evaluation since 2019,
He will be responsible for the analysis of the s-XRF data, sided
by the

The coft - D MEHET TOSAKAL - bas 2 i back
ground in XRF mess: echnique development, and
e s worked extenavely with NSUF e in the peet. He wil
coordinate the sample preparation and shipment activities ance
the proposal is awarded, and will be the main point-of-contact
for the experimental campaign. He will inally assist Dr Mattera
with the analysis of the data

4 Summary

in scientific outcomes of this RTE are: (1) Test of the
et e the dtection it of XRE appledtonucler data

particular, to the determination of the yiekls of fission
products; (2) Detcrmination of the lnearty of the technique.

ystematic uncertainty n the quanti
products; (3) First determination of
ocs soction of
or IF applications.
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XPD beamline (28-ID) at NSLS-II

%6 of beamtime of XPD beamline

Is allocated to NSUF users.
(3-days of beamtime, three times in a year)




One-slide on X-ray diffraction method

A typical X-ray diffraction setup with area detector 2D image | 1D pattern
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Why do we need synchrotron resources ?

Benchtop XRD (Rigaku)

NSLS-II (XPD beamline)

~Logm‘(lntensity) [a.u.]

U

Impurity peaks

L

Mg
_ JUL_

—— benchtop XRD (6 minutes scan)
~—— benchtop XRD (60 minutes scan)
— synchrotron XRD (1 minute scan)
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Corrosion cell

Heating up to 2000°C

Sample Holder
throughput

sample changing

Robot for high
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supported by
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Focused beam iy 25 microns x 25 microns 258”;'00,{2:31_’%%(;“;3;’”3

(~25x25 pm) spot on human hair

Technigues enabled with small beam:

- 1D & 2D mapping (phase, lattice, strain...)
- 3D X-ray diffraction computed tomography
(XRD-CT)

FWHM =24microns

X-ray fluoresce spectroscopy with high-energy
beam.

Pixel

Multi-modal 1D, 2D, and 3D non-destructive
characterization of nuclear materials.
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Some pictures from a recent RTE (24-4876) experiment

UB, samples heated up to 900°C




Outline of this talk

» Capability upgrades




X-ray fluorescence (XRF) capability was added
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Crystal structure

Lattice constant

XRF capability demonstration with a science case

face-centred cubic (fcc)

(cF4)

a =408.60 pm
(at 20 °C)[!
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What does happen if you put silver (Ag) in ATR reactor?

EDIA

Search

From Wikipedia, the free encyciopedia

This article is about the chemical element. For other uses, see Silver (disambiguation

Silver is a chemical element; it has symbol Ag (from Latin a 2 'silver’, derived

from Proto-Indo-European *h:erg "shiny, white') and af
lustrous transit al, it exhibits the highest electrical
conductivity, and reflectivity of any metal [''] Silver is found in the Earth's crust in the

pure, free elemental form ("native silver"), as an alioy with gold and other metals, and in

minerals such as argentite and chlorargyrite. Most silver is produced as a byproduct of
opper, gold, lead, and zinc refining. Silver is a naturally occurring element It is found in
the environment combined with other elements such as sulfide, chioride, and nitrate

Pure silver is “silver” colored, but silver nitrate and silver chioride are powdery white and
silver sulfide and silver oxide are dark-gray to black. Silver is often found as a by.

product during the retrieval of copper, lead, zinc, and gold ores 2]

Silver has long been valued as a pre
131 while it is more abundant than gold, it is much less

s metal. Silver metal is used in many bullion
0ins, sometimes alongside

abundantas a tal [l Its purity is typically measured on a per-mille basis; a
94%-pure alloy 1s described as "0.940 fine". As one of the seven r . quity,
silver has had an enduring role in most human cultures

Other than in currency and as an investment medium (coins and bullion), silver is used
in solar panels, water fillration, jewellery, ormaments, high-value tableware and utensils
(hence the term "silverware"), in ele tacts and conductors, in specialised

mirrors, window coatings, in catalysis of chemical reactions, as a colorant in stained
and in specialised confectionery. Its compounds are used in phot

ray film. Dilute solutions of silver

and X

lrate and other silver compounds are used as

fectants and microbiocides (oligodynamic effect), added to t s, wound-

dressings, cath

and other medical instrum:

Characteristics

Silver is similar in its physical and chemical
properties to its two vertical neighbours in group 11
of the periodic table: and gold_ Its 47
electrons are arranged in the configuratio
[Kr}4d'%5s", similarly to copper (JArj3d'%4s?) and
gold ([XeJ4f'45d'%s): group 11 is one of the few

groups in the d
consistent set of electron configurations ("¢ This

k which has a completely

distinctive electron configuration, with a single
electron in the highest occupied s over a filled d

subshell, accounts for many of the singular properties of
1

metallic silver.

Read

XA 204 languages

istory  Tools v

eaw

Silver, ;;Ag

Appearance

Siiver

lustrous white metal

Standard atomic weight A,%(Ag)

107.8662 +0.0002!"
107.87 £0.01 (abridoe

Silver in the periodic table

Ag

silver — cadn

Atomic number (2) 47

Group
Period
Block (] K
Electron [K1] 40" 55"
configuration
Electronsper  2.8.16.18.1
shell

Physical properties
Phase at STF it

Melting point

Boiling point

Density (a1 20° C)
when liguid
@mp)

Heat of fusion
Heat of
vaporisation
Molar heat
capacity

1234.93 K (961.78 °C.
17632 °F)
2435K (2162
3924 °F)

10.503 glem™
9.320 glem®

1.28k
254 kJ/mol

25.350 Ji(mol-K)

1)

Advanced Test Reactor

16
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Nuclear Fuels and Materials Library (NFML)

NSUF manages the Nuclear Fuels and Materials Library (NFML), a collection of specialized information and material specimens from past and
ongoing irradiation test campaigns, real-world components retrieved from decommissioned power reactors, and donations from other sources.

C R

Qu- Nuciea
) i e i [THNLY [
Everything in the NFML is available to the nuclear research community, either through a peer-reviewed proposal process or through direct

programmatic request. The NFML initiative maximizes the value of previous and ongoing materials and nuclear fuels irradiation test

campaigns.
@ Home
BROWSE LIBRARY» 2 s
VIEW NFML POLICY » B Institutions
B Library
'VIEW FACT SHEET » © Map
L Projects

& Researchers

D Resources
Q_ search

B calculator

= Lists

J .L

What is included in the NFML?

Samples include conventional and advanced steels, experimental alloys, ceramics and fuels

@ Submissions

® Help

Initially, NSUF staff identified legacy materials from previous R&D programs that were being stored in laboratories and hot-cell facilities at Idaho National Laboratory, NSUF's lead laboratory. Owners
of other materials of Interest, identified outside of INL, volunteered to enter them Into NFML. Finally, more than 3,500 specimens that had been irradiated as part of NSUF competitively awarded
research projects were added to NFML. More than 6,000 samples are now in the library.

v | B 03408331 -NSUFResearc X |+

Avallable for Research
Anticipated Avallability
Certification

Storage Facllity

Notes.

Planned Temp (°C)
Planned Dose (DPA)
Planned Flux (nicm/s)
Planned Environment

As Run Total Dose (DPA)

Composition by Wt. (%)

Keyword Tags.

As Run Total Fluence (nicm?)

February 14,2025

Yes

Hot Fuel Examination Facility

Sample repackaged from KGT 266 to KGT 4785 in support of RTE 4941
500.00

3

9.7E+13

Helium/Argon

237

147E+22

Ag

Element, Metal, Precious, Elemental, Pure, High purity

- O x
nsuf-research.inl.gov o m e meAa D @
Research « & MEHMET TOPSAKAL
034-08-331
034-08-33
Q34-00-331
1y Favorte ~
¥ Hide Empty
Pr. wram NSUF
Pro, st lImadiation Test Plan for the Advanced Test Reactor National Scientific Cycles (6) History (1) Inventory (3)
User Fadility/University of Wisconsin Pilot Project
Reactor ATR
15
Reactor Position East Flux Trap
Sample ld Code  34-08-331 Cycle As Run Temp As Run Dose
Capsule  ( psule 1 469.00
Packet 5 J)1DA 469.00
Matoriat Code__ A agan)
469.00
Material Name  Silver (Ag)
469.00
469.00
KGT Num 4785
Specimen Type  TEM =
Dimensions (mm)  3dx 2

Gomposition by W. (%

Ag (100%)




NSUF RTE # 24-4941 requested Ag, W, Hf,
and Mo foils from NFML

Nuclear Science User Facilities
Official Notification

FMIL oo sy

Tuesday, May 28, .
2024 CCN:256075
Dr. Andrea Mattera

Brookhaven National Laboratory

SUBJECT: Nuclear Science User Facilities Rapid Turnaround Proposal Selection
for Research
Dear Dr. Mattera:
We are pleased to inform you that your proposal submitted to the FY 2024 RTE 2nd Call
titled "Measurement of Fission Product production yields" (24-4941) has been selected for
award. This project is limited to the scope in your proposal and must be completed within
nine months of this award.
Your proposal was reviewed for feasibility, technical merit, and programmatic relevance.
The review comments for your specific proposal are available through the NSUF Research
website.
We are assigning Dr. Simerjeet Gill as your technical point of contact for NSLS Il X-ray
Powder Diffraction Beamline (NSLS Il) at Brookhaven National Laboratory. Dr. Gill can
answer your technical questions, help you with facility training, and scheduling for the
experiment. You can reach Dr. Gill by phone at 631-344-5633 or email at gills@bnl.gov.
We are assigning Ms. Alina Zackrone as your technical point of contact for the Material and
Fuels Complex (MFC) at Idaho National Laboratory. Ms. Zackrone can answer your
technical questions, help you with facility training, and scheduling for the experiment. You
can reach Ms. Zackrone by phone at (425) 985-8440 or email at Alina.Zackrone@inl.gov.
Publications are an expected part of all NSUF experiments and we ask that when you
prepare any publications associated with this research you include the following citation:
"This work was supported by the U.S. Department of Energy, Office of Nuclear Energy
under DOE Idaho Operations Office Contract DE-ACO07- 05ID14517 as part of a Nuclear
Science User Facilities award #24-4941."
If this award includes HPC work, please include the following citation: "This research made
use of Idaho National Laboratory's High Performance Computing systems located at the

Measurement of the
Production Yield of Fission Products

A. Mattera, M. Topsakal ~ Brookhaven Nations Laboratory, Ugton NY.
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Special thanks to

Alina Montrosge

Experiment Manager

Nuclear Science User Facilities
Post-Irradiation Examination
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NSUF RTE # 24-4941 requested Ag, W, Hf,
and Mo foils from NFML

As measured samples @ NSLS-II

Nuclear Science User Facilities Measurement of the

Official Notification Production Yield of Fission Products

A. Mattera, M. Topsakal - Brookhaven National Laboratory, Ugton NY

q‘".l ldaho Nofional Laboratory 1 Sacxanowe
..

(XPD) of NSL
s the feibny
iekds (FYs). The w
Eperent (x1E) .
W

Detocsion Lemt (FY)

Tuesday, May 28,

2024 CCN:256075

Dr. Andrea Mattera
Brookhaven National Laboratory

Nuclear Science User Facilities Rapid Turnaround Proposal Selection

SUBJECT. for Research

arcmers of FYs tuing
wantoge o the bright Xeray s o e
s ron-deracive e ol d

Dear Dr. Mattera:

We are pleased to inform you that your proposal submitted to the FY 2024 RTE 2nd Call
titled "Measurement of Fission Product production yields" (24-4941) has been selected for
award. This project is limited to the scope in your proposal and must be completed within
nine months of this award.

Your proposal was reviewed for feasibility, technical merit, and programmatic relevance.
The review comments for your specific proposal are available through the NSUF Research
website.

We are assigning Dr. Simerjeet Gill as your technical point of contact for NSLS Il X-ray
Powder Diffraction Beamline (NSLS Il) at Brookhaven National Laboratory. Dr. Gill can
answer your technical questions, help you with facility training, and scheduling for the
experiment. You can reach Dr. Gill by phone at 631-344-5633 or email at gills@bnl.gov.
We are assigning Ms. Alina Zackrone as your technical point of contact for the Material and
Fuels Complex (MFC) at Idaho National Laboratory. Ms. Zackrone can answer your
technical questions, help you with facility training, and scheduling for the experiment. You
can reach Ms. Zackrone by phone at (425) 985-8440 or email at Alina.Zackrone@inl.gov.
Publications are an expected part of all NSUF experiments and we ask that when you
prepare any publications associated with this research you include the following citation:
"This work was supported by the U.S. Department of Energy, Office of Nuclear Energy
under DOE Idaho Operations Office Contract DE-ACO07- 05ID14517 as part of a Nuclear & =
Science User Facilities award #24-4941." e
If this award includes HPC work, please include the following citation: "This research made - i’:‘j‘:‘j‘;‘;‘ﬁ:‘:‘f_fm‘:“‘ m"' T
use of Idaho National Laboratory's High Performance Computing systems located at the -t
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Collaborative Computing Center and supported by the Office of Nuclear Eperav ofthe U S
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1.2 Dramatic changes with ATR irradiation!!!
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XRF capability provides additional “multi-modal information™ as elemental composition

There are definitely Cd in these ATR irradiated Ag samples
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= ATR irradiated at 500°C at 2.4dpa
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XRF capability provides additional “multi-modal information™ as elemental composition

and Cd concentration increases with temperature

unirradiated
— ATR irradiated at 500°C at 2.4dpa
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Transmutation of some Ag elements into Cd induces changes in lattice constant, hence d-spacing observed in XRD

1.2
—— unirradiated
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Outline of this talk

* Plans for future




How can we make BNL a better place
for nuclear science community?

Problems:

We can upgrade lab resources at BNL

* Only short-term storage for NSUF samples.

« Far away from NSLS-II. Government
vehicle is needed for sample transportation
to/from NSLS-II.

 No sample preparation is allowed.

26



We can improve the way we support NSUF experiments at NSLS-II.

current workflow of NSUF experiments at NSLS-II can be illustrated as below

Initial samples ‘ Sample preparation @ INL ‘ Sample shipment from INL to BNL — Experiment at XPD beamline

Y
Takes usually a year! Takes usually 2-3 days!

Despite all hard work spent on making samples ready for beamtime, samples go
back to INL at the end of 2-3 days of beamtime without being characterized at

other advanced NSLS-Il beamlines. .




We are considering to build a lab at NSLS-II specific for nuclear materials
Detailed characterization of samples can advance our understanding of irradiated materials

a new lab at NSLS-I|| Advanced characterization

at various NSLS-Il beamlines

Initial samples ‘ Sample preparation @ INL ‘ Sample shipment from INL to BNL ‘ (

Initial
L (i haracterization
<] EFA G e ©
L] o with lab-based and
pre-characterization tools temporary storage

.
A

New lab at NSLS-II will enable us to do a pre-characterization
and temporary storage of nuclear samples before synchrotron characterization
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How can we make BNL a better place
for nuclear science community?

>>>\We can upgrade the existing resources at XPD beamline for faster data collection




Enhancing existing equipment at 28ID-2-D to enable faster and efficient data collection

Current XRD detector

»
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Better XRD detector

DECTRIS

500 Hz frame rate

Utilized beamtime with:

‘ - current detector: 3 hours

- better detector: ~10 minutes
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In addition to upgrading the detector, we are considering to update in-situ heating capabilities
for studying nuclear materials.

Conventional heating systems that are currently available at NSLS-II are shown below.

o, Sy
v
efe

\Zt.ar

.

Some of drawbacks of all these systems are:

e they can't go beyond ~1000°C which is well below Tungsten melting point of 3422°C
e most of the generated heat is exposed to air and beamline components
e some are not suitable for hard-x-ray tomography (XCT, XRD-CT)
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We are planning to develop a new sample-heating system that will be based on lasers for rapid and ultra-high T.

@(ESRF - The European Synchrotron Radiation Facili} ( @ APS - Advanced Photon Source / @ SPring-8 - Japan synchrotron

IR EEEEE]

Lt powes ()

Internationsl Journal of Machine Tools & Manufacture 204 (2025) 104224 Review of Scientific Instruments 86, 072201 (2015)
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New developments in laser-heated diamond anvil cell with in situ
synchrotron x-ray diffraction at High Pressure Collaborative

Access Team

Yue Meng,' Rostislav Hrubiak,” Eric Rod," Reinhard Boehler,” and Guoyin Shen'
'HPCAT, Geophysical Laboratory, Carnegie fastitution of Washington, Argonne, filinois 60563, USA

Geaphysical Lab

. Carnegie | of

DC 25, USA

(Received 6 April 2015; accepted 28 June 2015; published online 17 July 2015)

An overview of the in situ laser heating system at the High Pressure Collaborative Access Team,
with emphasis on newly developed capabilities, is presented, Since its establishment at the beamline
16-1ID-B a decade ago, laser-heated diamond anvil cell coupled with in site synchrotron x-ray
diffraction has been widely used for studying the structural properties of materials under simul-
taneous high pressure and high temperature conditions. Recent developments in both continuous-

wave and modulated heating techniques have been focusing on resolving tecl

ical issues of the

most challenging research arcas. The new capabilities have demonstrated clear benefits and pro-

vide new opportunities in research are

including high-pressure melting, pressure-temperature-

volume equations of state, chemical reaction, and time resolved studies. © 2015 AIP Publishing

LLC. [http://dx.doi.org/10.1063/1.4926895]

1. INTRODUCTION!

Laser-heated diamond anvil cell (LHDAC) coupled with
the in situ synchrotron x-ray diffraction (XRD) is a unique
and powerful experimental technique for studying a broad
range of material properties under extreme conditions up o
megabars of pressure and several thousand degrees Kelvin of
temperature. Over the last decade, this technique has evolved
inte a routinely used and productive experimental method at
synchrotron beamlines, leading to numerous major scientific
advances and a large expansion of high-pressure research in
physics, chemistry, g i and ials seience,' ™ One
of the main applications of continuous wave laser heating
{CWLH) has been the use of high temperature for overcoming
kinetic barriers to phase transformation and for enabling new
materials synthesis at high pressure. Thus, technical devel-
opments have emphasized long-term system stability with
heating duration in a typical experiment lasting from minutes
to hours.™'™"* Such long term temperature stability of the
CWLH has made possible many studies of phase transitions,''
materials synthesis.® and sample anncaling for equations of
state (EOS) measurement.'* High pressure melting studies us-
ing synchrotron x-ray have been complicated by several issues
including melt containment, temperature gradient, chemical
reactions, and maintaining the exact alignment of the melt
volume and the x-ray beam. Pressure-volume-temperature
(P-V-TYEOS study is another challenging area that requires the
exact alignment of heating, x-ray and temperature measure-
ment positions at all the time during the experiment. which is
not always guaranteed in the conventional systems commonly
used at synchrotron beamlines.

In recent years, modulated pulse laser heating is being
increasingly used for high pressure research. From technical
perspective, LHDAC in short time scale has several poten-
tial advantages. (1) It reduces the exposure of cell assembly
to high temperature conditions. This helps to maintain the

0034-6748/2015/86(7)/072201/7/$30.00

86, 0722011

cell assembly’s structure integrity and stability, thus improves
the consistency and quality of experimental measurements
and increases the potential for reaching higher pressure and
temperature. (2) The short heating duration helps to suppress
thermally activated chemical diffusion and reaction, (3) Heat-
ing at short time scales and improved temporal resolution
of temperature measurement have been very useful for high-
pressure melting studies, and studies of phase transition dy-
namics under high pressure, From the scientific perspective,
current 3rd and 4th generation synchrotron sources provide
opportunities to explore a wide range of physical and chemical
phenomena occurring in increasingly short time scales down
to femtosecond level. There is a need for LHDAC development
1o match the time scale of the light sources,

Our technical development objective in recent years has
been to advance the experimental capabilities that address
specific issues in the most challenging areas of high pressure
tesearch, specifically high-pressure melting and P-V-T EOS.
In this paper. we summarize new lechniques established at
the beamline 16-ID-B in recent vears, including (1) on-line
heating-spot size adjustment to provide effective and uniform
heating on various-sized samples in the diamond anvil cell;
(2) mirror pinhole setup to allow direct viewing of the temper-
ature sampling area relative to the heating area and x-ray
beam, and online adjustment to ensure the ideal alignment
for reliable experimental measurements; and (3) modulated
laser heating technique synchronized with XRD, wemperature
measurement, and thermal imaging for high pressure melting
and time-resolved studies of phase transition dynamics under
high PT conditions.

Il. SYSTEM OVERVIEW

The integrated system of LHDAC with in sire XRD
is located at High Pressure Collaborative Access Team’s

©2015 AIF Publishing LLC

FIG. 1. The integrated system of laser-heated DAC with in sini XRD, (a) A computer-aided-design (CAD) drawing of the laser heating experiment table in
16-1D-B, (h) a schematic drawing of the optical system on the top experiment table (labeled as @), and (¢) an image of the sctup around DAC. The numbered
B XR clean-up pinhole, @ diamond anvil cell, & XR beam stopper, @ Pilatus 1M XR detector, @ MAR CCD XR
coated amorphous carbon mimors, and ® movable holders for laser beating sys

label @ denotes KB mirrors for XR focusi
detector ® the apochromatic objective lenses,

1000 rm
Tosusing lenges

PIXIS 00 BR

(a) 6000
M o 55004 -
- W IV SCUITES oW
' 5000 Average |AT| = 9558 K
e _
X 4500
=
E
Laser locusing adustment g 4000 4
7 ! % 3500 Melting
! \ e _
! il & 3000
o -
-‘ 2500+ AveragerTaT| = 46 221K
2000

'm components B and &,

An established setup at APS that we can get inspirations

2000 2500 0

3500 4000
Up stream T (K)

T T T
4500 /5000 5500 6000

FIG. 10. Melting of uranium at high pressure captured using the pulse
synchronization d n Figure 9(b), before (left), during (middle), and
after (right) the heatinglpulse (in collaboration with Hyunchae Cynn)
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