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Production of dusts

| What are the problems? J

. Radioactivity (ITER: 50 mSv=350 Kg W dusts)

. Chemical activity (hot surface)

. Fuel retention (ITER: 700g T in-vessel inventory)
. Uncontrolled ,pellet” injection
- plasma density, impurity density cannot be controlled.
. Damage of in-vessel components through collision of hig‘ﬁ
speed dusts (~several ten to several hundred m/s, even

20Km/s is reported).
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Production of dusts

| What are the problems? J

. Radioactivity (ITER: 50 mSv=350 Kg W dusts)

. Chemical activity (hot surface)

. Fuel retention (ITER: 700g T in-vessel inventory)

. Uncontrolled ,pellet” injection
- plasma density, impurity density cannot be controlled.

. Damage of in-vessel components through collision of high
speed dusts (~several ten to several hundred m/s, even

20Km/s is reported).

\ Information on size, composition, and origins of dusts are essential!

Suk-Ho-Hong; IAEA-Technical-Meeting; 2014:12:19: Daejeon, Korea

Purpose of CRP on
“Characterization of Size, Composition and Origins of Dust in Fusion Devices”

+ Past experience with tokamaks such as TFTR and JET has shown
that significant amounts of dust are formed in these machines.

« Dust can arise from a variety of plasma-facing components,
including C, W and Be as well as other materials used in some
fusion devices such as Mo, B and Ti.

+ Dust may also come from other components in the machine,
such as RF antennas. Accumulation of dust can become a
significant safety hazard due to flammability, toxicity, potential
respiratory problems and radiation concerns with tritium.

« Furthermore, a significant uptake of hydrogen isotopes occurs in

dust, making the transport behaviour of this material a significant

factor in tritium inventory studies of next generation machines
such as ITER and DEMO.
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Purpose of CRP on

“Characterization of Size, Composition and Origins of Dust in Fusion Devices”

Dust contaminated with tritium can become electrically charged
from radioactivity, leading to the interaction of the dust with the
plasma and electric fields.

These issues are not of high importance for operational machines,
but will become significant for ITER and later machines due to

the significant increased size of the plant.

Therefore, there is a need for information on properties of dust,
such as particle size distribution (physical and aerodynamic mass
median diameter), composition (elemental and chemical) ?nd_
their origins in fusion machines. | »
There is currently a lack of data on these fundamental physical ]
and chemical properties; the primary goal of this CRP is to

address these data needs.
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Finding origins and temporal behavior
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1. IPP Garching has automated SEM equipped with EDX.
2. "Ultra high speed” measurements: 10000 part/weekend.
3. Better statistics on compositions.

. Generation and evaluation are completely dependent on the
SEM schedule of IPP Garching.

. Others cannot contribute the database without help of IrP -
Garching. 1
Measurement itself is “ultra fast”, but takes much longer time
for transport of samples.

Incompatible data format due to the use of commercial
software.
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II. Introduction to IAEA Dust Database

Finding size distributions and temporal evolution
‘F\ Dust collection in LHD
o (.,/M. first evaluation: statistics
Perc 9000 particle analyzed
. Classification by elements

& Major components C and Fe
Distribution functions differ

Number of EDX-
spectra

Number of pasticles
further analysed

1. Others.clas

2. BN-class

3.Coclass 1789

4 Fe-class 7

5. 0-class 13

6. Al-class 28

7. Me-class 68

Unclasified (res) 205
C-sphere 258

C spheres: dust injection experiments

IAEA, Vienna, Dec 2011 CRPondust #3
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Consultancy by S. H. Hong, National Fusion Research Institute, Korea, 2013
Report on Standard Procedures for the IAEA Dust Database: Preparation, Measurements, and Upload
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Find a way to solve CONTRA issues
- establish a standard procedure for dust database.
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::- I. Procedures for IAEA dust database

« Several careful considerations are needed to
establish dust database on size and compositions
by different contributors

1. Standard procedures
»  Collection method
»  Characterization method and settings
»  Analysis tools and methods
»  File upload and maintenance strategy

2. Database access and maintenance G
»  GUI user friendly interface 4

» Easy to use and maintenance

»  Analysis tools and method

»  File upload and maintenance strategy

esearch Institute

::- IV. Standard procedures

D Characterization method and settings

= Basic characterization method is SEM equipped with EDX.

= Every SEM operator has their own preferential settings for
measurements, e.g., brightness and contrast, beam energy, distance
from the gun to stage.

= Two operators made test to find optimum values.

Operator WD (mm) EHT () Iprobe (nA) ~ Contrast  Brightness Ix:a:'s

1 23-25 10 35-143 39.3-54.9 19.5-47.4 209
2 5-9 10 - 28.9-35.5 48.2-51.5 123

BHZUBBDRRBR OGS

seze el

vy

Cumitie Counts
Sk =

STkl

Magnification WD (mm) EHT (kV) Brightness
5000 5-9 10 ~32+4 50+2
ot Operator #1 ™ o Operator #2

Contrast
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::- IV. Standard procedures

D Analysis tools and methods

home | news | docs | download | plugins | resources | st links

Image Processing and Analysis n Java

= Standard image analysis tool “Image)”

developed by Research Services Branch gi“ .
(RSB) of the National Institute of ;:lld
Mental Health (NIMH), part of the > Dove
National Institutes of Health (NIH).

o Developer Resources
o Applets/Web Start

© Mailing List

o Links

‘This page has been visied. times. Send comments to
swsc@sih gov. Disclaimer

= Through the dust CRP, IPP Garching
has modified some functions of Image)
for dust database (will be distributed). v P
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D Image) output and EDX indexed file
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::- IV. Standard procedures

D Collection method

= To be sure that dusts are created by
plasma-surface interaction, and not
during the maintenance, the use of
fresh silicon wafer samples is
recommended.

= To avoid contamination, wafers
should be installed after the
maintenance, just before the machine
closing.

= To establish time-resolved database
for temporal evolution of dust creation,
shape, number density, silicon wafers
should be installed everyday, in the
morning.

W' NationsiFusion

D Characterization method and settings

= Chemical composition of individual
dust can be measured by EDX.

= EDX measurements are performed
separately by operators.

= Each dust measured by EDX are
counted and enumerated on a copy of
the SEM image to match both
measurements for the dust database.

Point 1
Point 2
Point 3
Point 4

G Ntionsi Fusion Researchinstitte

::- IV. Standard procedures

D Analysis tools and methods

= ImageJ analyzes SEM TIFF files to get
outlined image and physical
parameters.

= Output file contains physical
parameters such as size and shape
descriptors, which will be uploaded for
database.
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D Upload preparation

= Files to upload

1) Original SEM image
2) Outlined image
3) EDX indexed image
4) Image) output file
5) EDX indexed file
6) Other diagnostic files

= Rules for file names
[DEVICE][YEAR][SAMPLE LOCATION][SAMPLE ID][IMAGE ID][DIAGNOSTIC ID]

[DEVICE] : machine name, for instance, [DEVICE]=KSTAR b
[YEAR] : Campaign year 3
[SAMPLE LOCATION] : location of the sample, for instance, [SAMPLE LOCATION]=D-port.
[SAMPLE ID] : identification of the specific sample at the [SAMPLE LOCATION]

[IMAGE ID (Areal ID)] : areal point where the SEM measurement is made

[DIAGNOSTIC ID] : identification of the diagnostic data file.

e.g. KSTAR_2011_D-port_Sample01_AreaO1.TIFF
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::- V. Infrastructure for dust database

<« |5 FImrmrTm

© 2v sAwa
X Google [ iaea dust crp

=20 =22

4| 9 Buea 8ot &ap cier»

User Registration
‘D/Password

Campaign Info
Sample Info
Analysis Info

menu

@ 27001 5

1D and Password

for rgitation - Widows i

User Registration

o =]

password

| E—

‘Confirm Password

Personal Information

1

Name

Instituts

x Google

H27»

(Ve

Laggedin

~

Modify User Info
Logout

o

IAEA Database

on micro-size Dusts and Nanoparticles

Device In FO NFRJ=mezess

Device Name :

ksTaR

First wall material
(year, material) :

[2oze ] \ [craphite

Devices 1:

[rer [ | [0see

Devices 2:

[EFH < [osmw |[Tsee

=

Devices 3

[P | [osw ][Tsee

Devices 4

[EcRH | [esmwW |[Tsee

Dshane vl

| [Frmea

[zt | [0ENA

J

D]

Activated menu
27 e

arch Institute

Database frame

D 2V =AIE

| % coge

=20 ===

H29»

vser )

Laggedin

Modify User Info
Logout

Managing e

-

®

IAEA Database

on micro-size Dusts and Nanoparticles

Sample Info NERIZ ez

Sample Name :

sTan

5]

] Fossor

‘Sampling Date
(year, date) :

2013 12.10

‘Sampling Location :

=

Sampling Method :

Sikcon Wafer V]

‘Sample Weight :

Sample Area :

| B um?/g

Related publications :

[ Addoma |

Activated menu
29 e

arch Institute

© nps/127001/

Database frame

D =
X Google

)

EIe =20 =s28

M FURTER-TE P

=

Logged in

~

Modify User Inft

IAEA Database

on micro-size Dusts and Nanoparticles

Managing Database NERIZ ez

Database Owner :

fudhong | [ Sean

Pevice Name :

ksTar

1. Campaign Info:

[o1s Getlinfos

—

2. Sample Name.
and Analyzed Area
Info:

oot

][ Getinios

| [os

3. Analysis Info:

[ — r—)

Campaign Info

4.SEM Image :

[KSTAR 2011_D-pon_Sampls01_Avea0t if

5. Outlined Image :

[KSTAR_2011_D-por_SampleD1_Arsad!_outine if

6. EDX Indexed Image :

7. 1mage) Output File :

[KSTAR_2011_D-por_SampleD1_Arsad dat

8. EDX Indexed File :

[STAR 2011 D pon_Sampeli_AveaD ED cat ]

Activated meny

Database frame

J

[[Upload Fies |

A1 NSUKUTE

SUK-HO HoNg, IAEA-Technical Vieeting; ZU14:12:19: Dagjeon, Korea

::- V. Infrastructure for dust database
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= Importance of dust database and corresponding IAEA
range of users can contribute to populate the database.

CRP activity are briefly introduced.
= Still, some functions have to be developed, modified,

» The data should be uploaded manually, but wide

= Dust database infrastructure is built.

* VI. Summary
and optimized.
34 National Fusion

effective racius (um)

®
2
S
2
S
ki
@
8
a
@
b |
o
W
<
b
3
8
H
k7
8
=
®
£
£
8
2
<
b
E
-
g
s
3
°
%
T
S
a

D Example

33 National Fusior

= V. Infrastructure for dust database




