/ PFC Meeting at PPPL, May 9, 2005

Experimental PMI facilities
in the PFC program

A brief overview

Bob Bastasz

Sandia National Laboratories
Livermore, California

Outline

e Types and purpose

e Facilities:
o Beam experiments
o Plasma experiments
o Integrated experiments
o Ancillary experiments
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Experimental PMI facilities

e Four main categories:

ion beam experiments
plasma simulator experiments
iIntegrated experiments
ancillary experiments.

© O O O

e Experiments in each category are needed
to effectively address PFC program needs:

o 1o characterize PMI effects in PFC materials
to help qualify PFC materials
o  to provide data for testing PMI models.
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lon beam experiments

Description: An ion beam of known energy, flux,
and composition bombards a sample and its
effects on materials properties are measured.

Uses: Study and characterize individual
PMI processes

Key o  provide highest level of control
features: over PMI parameters
o can study basic physical processes
generate fundamental data
can be quantitative for calibrating models.

Sandia National Laboratories
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Uses:

Key
features:

Plasma simulator experiments

Description: A controlled plasma is formed,

contacts a sample, and its effects
on materials properties are measured.

Study PMI effects and test materials
under a wide variety of conditions

o  provide a high level of control
over PMI parameters
o  produce conditions that may approximate
the fusion reactor environment
o  can study PMI and test material performance.

Wy

Sandia National Laboratories
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Integrated experiments

Description: PFC material samples are exposed to plasmas
in operating confinement devices.

Uses: Provide PMI and performance data under actual
plasma confinement conditions

Key o  Most closely reproduce the conditions
features: experienced by plasma-facing materials
in confinement devices
o  can study PMI and test material performance.

Wy
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Key o
features:

Ancillary experiments

Description: PFC material samples are exposed to
particular conditions experienced by PFCs.

Uses: Test material response to high heat fluxes
or strong magnetic fields.

provide a high level of control

over a single PMI-like parameter

can generate conditions accompanying
PMI over a wide range

avoid effects caused by energetic

lon bombardment.

Sandia National Laboratories




4 PMI experimental facilities

PMI experiments by category

Beam Plasma Integrated Other
ARIES (SNL) DPE (SNL) | CDX-U* (PPPL) | EB-1200 (SNL/NM)
FLIRE (UIUC) ESP (UIUC) DIMES (GA) EBTS (SNL/NM)
IHAX (UIUC) PEBL (SNL) LTX*(PPPL) | LIMITS (SNL/NM)
IMPACT (ANL) | PISCES-A (USCD) NSTX (PPPL) MTOR (UCLA)
PISCES-B (UCSD)
TPE (INL) *CDX-U to become LTX

@,




4 PMI experiment descriptions \

ARIES

Angle-Resolved lon Energy Spectrometer

Site: SNL/CA

Staff: R. Bastasz, bastasz@sandia.gov, 925 2942013
J. Whaley, jawhale @sandia.gov, 925 294—-2677

Link: http://www.ca.sandia.gov/
Materials&EngineeringSciences/
facilitiesframe.html

Description: ARIES at SNL/CA is an ion beam experiment that provides PMI data
on surface composition, sputtering, implantation, mixing, segregation effects,

and hydrogen isotope recycling on solid and liquid materials. ARIES obtains

PMI data through energy analysis of ions scattered or recoiled from a sample.
The ion beam simulates the particle flux emanating from a plasma as well as
functioning as the analytical probe.

Main parameters:
species: HT, HE, Hg, Dt, DE, Dg, He™*, Ne*, Art (mass selected)
beam energy: 100-3000 eV, monoenergteic to + 1 eV

flux: 101319 /cm2-s
angular ranges: 0-90° beam impact, 15-85° observation, 0—-360 ° azimuth

sample size: up to 2.5 cm diameter
substrate temperature: -100 to 1200 °C @
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4 List of PMI experiments

Catalog of PMI experiments for the PFC program

ARIES
Angle-Resolved Ton Energy Spectrometer
Site: S|

Bob

37, bastaszOsandin.gov, 925 204 2013
2942677

whaleGsandia.gov, ¢

Link:  hitp: ndia.gov,/
Mate neeringSciences

facilitiesframe. html

Description:  The Angle-Resolved Ton Energy Spectrometer at SNL/CA is an ion beam
experiment that provides PMI data on surface composition, sputtering, mixing, segregation
eltects, and hydrogen isotope recycling on either solid or liguid materials,. ARIES obtains
PMI data through energy analysis of ions seattered or recoiled from a sample

CDX-U

Current Drive eXperiment-Upgrade

Site:.  PPPL

Staff:  Bob Kaita. rkaita@pppl.gov. 609 243 327;
Dick Majeski. majeskiGpppl.gov, G0 243-3112

Link:  http://w3.pppl.gov/ cdx/

Description: The Current Drive eXperiment-Upgrade at PPPL provides a small-scale plasiia
facility in which novel ideas can be tested before they are tried on larger devices. It has
recently been used to develop liquid Li technology tor MFE. CDX-U will soon be converted
to LTX.

DiMES
Divertor Materials Evaluation System
Site:  GA
Staff:  Clement Wong, wongetifusion.gat.com, 858 455-42!
Dimitry Rudakov, rudakovafusion.gat.com,
858 4552
Link:  http://Iusion.gat.com/diag,

)5

Description: The Divertor Materials Evaluation System is an
attachment to the DD tokionak at GA that permits
materials and dingnostics to be inserted into the divertor foor
during machine operation. It provides integrated PMI

testing of hoth solid and liguid materials
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DPE

Denterinm Plasma Experiment

Site:  SNL/CA

Staff.  Rion Causey, cansevOsandia.gov, ¢ 04-3326
Josh Whaley. jawhale@sandia.gov, 925 294-2677

Link:  http://www.ca.sandia.gov/
Materials& EngineeringSciences/
facilitiesframe.itml

Description: The Deuterinm Plasima Experiment is a plasma experiment at SNL/CA used
to study retention and release of H and He in solid materials and to sinmlate redeposition.
DPE can irradiate samples of various sizes to o L

EB-1200

Electron Beam — 1200 kW

Site:  SNL/NM

Staff:  Dennis Youchison, dlyouchtsandiagov, 505 845 3138

Link: http ¢/ lus-ops/ partnerships/
tech-acces: ilities /pmtfheml

seription: The EB-1200 is o beryllinn capable, dual gun, 1.2 MW electron beain HHF
facility counected to a high pressure. high temperature water flow loop. It can simulate
one-sided plasma heat loads and accommodates medinm seale (1 m), actively-cooled PFCs
and advanced heat exchangers. 1t s used to evaluate the thermal response. thermal shock,
thermal fatigue and thermathydranlic performance of armor materials. joints and heatsinks

EBTS

Electron Beam Test System

Site:  SNL/NM

Staff.  Dennis Youchison, dlyouchGsandia.gov, 505 8453138

Link:  http://www.sane Shins-ops /partnerships/
tech-access/facilities /puitf html

D

to stmulate one

iption: The Electron Beam Test System is a 30 kW electron beam HHF facility used
sided plasma heat loads to small scale (10 cm), actively-cooled PFCs and
advanced heat exchangers. It is used to evaluate the thermal response, thermal shock,
thermal fatigue and thermalhydraulic performance of armor materials. joints and heatsinks.
The EBTS is a beryllium capable facility serviced by high temperature, high pressure water,
high pressure helinm and liguid metal coolant loops.




Catalog of PMI experiments for the PFC program

ARIES
AugloRaalvs on Energs Spectronete
Site

e Tt Do easeesii
Josh Whaley, jawhaleasandia

Link: bttp://www.casandin. gov
MaterialsiEnginceringSciences,
faciliticsframe htm]

~ e,
Description: The Angle-Resolved Ton Energy Spectrometer at SNL/CA is an ion bean
experiment that provides PMI data on surface composition, sputteriug, mixing, segrogation
elfects, and hydrogen isatope recycling on either solid or liquid materials. ARIES obtains
A1 data thro analysis of fons seattered or recoiled from a saple

CDX-U
Current Drive eXperiment-Upgeade
Site:  PPPL

Staff: - Bob Kaita. rkaitatpppl.gos. 609 2
Dick Majeski, majeski Spopi gov. 609 243 3112
Link: et/ /wB ppplos /e

Description: The Current Drive eXperitent-Upgrade at PPPL provides a small-scale plasta
facility i which novel ideas can be testecd before they are tried on larger devices. 1t s
recently been used to develop liquid Li technology for MPE. CDX-U will soon be converted
to LTX.

DIMES
Diistoe Haist e
St Cloment Wong, wonge tfusion. gat.com, 838 455 4238
Dimitry Rudakov, rudakovafusion gat com
858 435 2805
Link: http://fusion st com/disy

valuation System

Description: The Divertor Materials Evaluation System is an
attachment to the DILD fokamak at GA that permits

materials nd dingnosies to b iserte nto the divrtor oot
during machine operation. It provides integrated PMI
testing of both solid and liquid materials.

IMPACT

Interaction of Materials with chargod-Partiles Aud

Compncnts Tl
ANL

Staff Jean Parl Alla, llainGanl gov, 630

Link: Dttp://www.ct.anl gov /sections/cph
highlights/impact.html

5184

Description: The Interaction of Materials with charged-Particles And Components Testing
(sl ANT; e a o expertmen g e 6 iy the poopertosof s 1 ol
ings ou various materials. Tt contains surface analysis components and a quartz microbalaee
B oo s A e

LIMITS

Liquid Metal Integration Test System
site:  SKL/NM

S Tina Tanaka, tjtanak osandia gov
Link:  Dttp://ww.sandin.gov/bus-ops/partnerships/
s/ pmt bl

coss /il

Description: LIMITS is s closed liquid metal loop desigued to study MHD effeets in flows
of molien wetals in vacunm wnder the infiucnce of manetic feld aradicnts as a preliminary
study for flowing liquid surfces inside of maguetic fusion reactors. When the magucts arc
removed, the free surface of the fowing liquid can be heated by the EBTS, or the liquid
metal can be heated inside a tube ar heatpipe assembly

LTX
Lithiua Tolmek eXperiuent
PP

Sttt Dol Kaita, it acppplgov, 600 243
Dick Majeski, majeskittpppl gov, 609 2433112
Link: http:/ /w3 ppplgov/“cdx.

Deseription: The Lithium Tokamak eXperiment is 2 modification of the CDX-U device at
PPPL desigued fo test transport and profile modification in plasmns with fully non-recycling
walls. Tn this i
prior to initiati:

egrated experiment, the walls will be coated with a thin film of liquid Li

plasua dischin
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4 List of PMI experiments

Denteritn Pl Expeient
Site:  SNL/CA
Staff: Rion
Josh Whaley, jawhalcsanin. gov, 925 2
Link: http://www.ca.sand
Mater ninectingScietces
fucilitiostrame. html

soy, cansoy Asandia gov, 92

&

Description: The Deuterium Plasina Experiment is a plastua experiment at SNL/CA used
to study retention and release of H and He in solid materials and to siate redeposition.
DPE can irradiate saples of various sizes to o high fuence in the sub-keV ion encray range.

EB-1200
Electron Beam - 1200 kW
Site:  SNL/NM

Staff. Deunis Youchison, diyonchtisandin gov. 505 815 3138
Link: ~ bttp://www sandin.gov /bus-ops/partnerships/
/ 1

techeaccess/facilities/pimt £t

Description: The EB-1200 i a beryllinm capable, dual g, 12 MW clectron beam HHF
fcility connected to n high pressure. high temperature water flow loop. It can simulate
one-sided plasma heat loads and accommodates medinm seale (1 m), actively-cooled PFCs
and advanced heat exchango

thermal atigue and therm

rs. 1t used fo evaluate the thermal respouse, thermal shock
Uhydranlic performance of armor waterials. joints and heatsinks.

EBTS

Electron Beam Test Systent

Site: SNL/NM

Staff. Dennis Youchison. diyouchsandia gov, 505 845 3138

Link.  bitp://wwow sandia gov/bus-ops/partnersiips,
tecliaceess/facilitios/ puutf il

Deseription: The Electron Beam Test Systent is a 30 kW electron beam HHF facility used
o simulate one-sided plasinn heat loads to small scale (10 can). actively-cooled PFCs and
it b echanus. 1 o iluaty o el saponse, (el ik
thermal fatigne and thermalhydraulic performance of armor materials. joints and heatsinks,
Y BB & a eyl eomaile bty saviood iy Migh temetatuss gt e sales
ligh pressiire belium and liquid metal coolaut loops

MIOR

eto-Thermofhuid Omnibus Resenrch laboratory
UCLA

S
Staff. Neil Morley, morley @fusion.ucl.edu, 310 206

lice Ying, yinga fusion ucla.cdu, 310 2068815
Link:  hittp://weww fusion.ucla.exl,

Description: The Magneto-Thermofiuid Onnibus Research laboratory at UCLA is a highly
flexible collcetion of bigh field. high volume magnet systems including & 2T gap magnet and
24 coil magnetic torus equipped with gallinm and lead alloy liquid metal How loops for
stidying free Surface and closed chanel Tiguid metal MHD and heat transfer phenomena

NSTX

National Spherical Torus eXperinent

Site:  PPPL

Staf. Heury Kugel, kugelpppl.gov, 600 213 8146
Rajesh Maingi. raingiappplgov. 600 243 3176

Link: http://veww.pppl.gov/projects/pages /ustx btml

Description: The Natioual Spherical Torus eXperiment is a major int
fucility at PPPL. It is planned to be used to study houndary and edge-physics effects due
to Li njection into the core plasua, Li cvaporation onto the walls (ALIST module A)
i possbly 4 flowing Li PFC (ALIST modile B)

ted experimental

PEBL

Bl U e el

Site CA

Staff; D«m Cowgill, dfcon

Link bttp://www.casand
MaterialsEnginceringSciences
facilitiesframe htm]

fasandia.gov, 925 204 2146

Description: The Plasma Entrained Bubbles in Liquids experiment at SNL/CA is designed

10 study He retention in liquid metals. 1t s a plasma experiment that uses a
Penning dischiarge it conjunction with nuclear reaction analysis (NRA). Retained
dynamically profiled by NRA

ESP
LM Sinulting Pl
T

St Davia Rusic,drusicuin e, 217 333-0332
Robert Stubbers. stubbersGuine.edu 217 33 1750
Link:  bitp://starfire.ne.uine.ec,

Deseription: The ELM Sintlating Plastia is a plasua experiment at UIUC currently under
development. Tts purpose is to study exosion and other effects of ELM-ike plasa bombard-
ment on PFC materials

FLIRE
Flayiag Lt Rtction Experies
Sitc

St Davie R, druc G, 217 333052

Robert Stubbers, stubbersuiric.cdu 217 533 1750

Link:  hittpy//starfre nc.uiue.ecdu fire

Description: The Flowing Lithitum Retention Experinment is an fon beam experiment at UIUC
usedd to primarily to study He retention in flowing liquid metals using a mass spectrometer
It Lins demonstrated the ability to handle liquid L

o g et €Xperiont

Site

Siaf. Mt Coveutey, coventryuue, 217 333 &
David Ruzic, dnzicuiuc.edu, 217 333-0332

Link:  hitp:/ /starfire ne.uiuc.edu /finx /fiax html

uc
designed to measure the sputtering charactoristics of solid and Tiquid materials. TAX uises @

Description: The Ton-surface InterActive eXperiment is an o beans experiment at U

dual quartz erystal microbalance to precisely measure the quantity of atouws sputtered from
 sample, providingg fundamental PMI data

PISCES
Plastna Interaction with Surface and Components
Esperimental Simultor

uc

Staff \Lm oldytn, bk e o, 858 522 4117
s Docrner. rdoernertucsd.odu, 858 534 7830
Stun Eneinr s e, 858 994

Link:  http:/ fcerfe.uesd.echn,

Description: The Plastma Interaction with Surace and Components Experimental Sinulator
i . plasnua expericnt at UCSD s to study exsion, rdeposiion, mterils mising, il
recyeling, Two versions, PISCES-A and PISCES-B, each use a high-fiux plasma source and
el el e Al iauodti ! PISOES.E sl [ oo B satapts

TPE

Tritium Plastna Experiment

Site:  INL

Staff, Rion Gansey, causey Gsandia gov, 925 2945326
A ey ol v, 208508

Link: bitp://www.inelgov/8

usion-salcty

s MUl L e
INL. Tt is designed to produce high-flux, tritinm-soeded plasmas and can provide da
sion, recyclingg, and tritinm retention in solid materials




/ Status

e The listing will be available to everyone in the
fusion community to provide general information
about our PFC facilities.

e The listing is being posted on the PFC (ALPS)
website:

= http://fusion.anl.gov/ALPS_Info_Center/

e Some experiment descriptions are incomplete.

e Please check over your experiment description
and send me additions, corrections, and updates.

= bastasz@sandia.gov
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In particular, experiment parameters need to be added.




