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Contents
Aspects of RANS
Target after 2 years use <«Long life Dr. Y.Yamagata’s

Recent application results
— 3D imaging of corrosion and water in the steel plate

— Texture change, and dual phase observation with
neutron diffraction experiment(Y.lkeda’s
presentation)

— Fast neutron imaging for the social infrastructure NDI

The subjects we are now planning to develop in
two years




ompact neutron source system easy anc
—floor-standing type Rans.
— industrial use,
* non-destructive inspection
* industrial material development analysis,
—Educational use, and so on.

RANS project goals : CANS for practical use

anay to use

® Transportable non-destructive inspection of large

scale bridges

Fast neutror) large arjﬁ,f |
o B e
imaging system
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Transportable X-ray
instrument for bridges
Prof.M.UESAKA
(Univ.Tokyo) 3.95MeV
X-band e-linac
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realization of practical use

trans- portable
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Long life Be(p,n) target vutaka Yamagata RIKEN

) )
P A.Be .B N

7 Me\/_proton Neutron

JV backing +Be

* Be(p,n) reaction seems to be ideal for low energy neutron source, while major problem in Be
target is the blistering (hydrogen embrittlement damage) of target caused by low
energy proton beam.

 We proposed a new structure target with backing of highly hydrogen diffusible material.

* The performance estimation and design was done by using ion injection simulation (SRIM),
and finite element simulation (hydrogen diffusion, thermo-fluid analysis, structural analysis).

* We expect that the newly-designed target has life time more than several thousand hours.

Nb, V,

Pd, Pt... Water
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Target destruction by blistering Patent PCT/HP2013/056188
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After 1 year Be(p,n) target vutaka Yamagata RIKEN

Fig. 10 Surface inspection of
target after 1 year’s use. No
cracks or blistering can be
observed on beryllium (lefi)
while corrosion was observed
on the cooling water side (right)

Picture taken in Feb. of 2014
after about 3900nAh

Ti cavity,
cooling Water areg

Y.Yamagata, K.Hirota, J.Ju, S.Wang, S.Morita,
J.Kato, Y.Otake, A.Taketani, Y.Seki, YYamada,
H.Ota, U.Bautista, Q.Jia

“Development of a neutron generating targeé)@i
compact neutron soruces using low energy

proton beams” Journal of Radioanalytical and

Nuclear Chemistry
DOI 10.1007/s10967-015-4059-8
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Compact neutron Application
results for practical use.

A example of industrial use,

Steel
Compact neutron source is useful!!




Industrial application- lon and steel

KOBELCO

Corrosion Visualization e IR e e

Whether it is possible to visualize the
steel corrosion under-film?
e base materialis Fe

e What we should find is FeOOH,
Fe,0;, Fe;0,

e Painting contains lot of H,

—It is impossible for X-ray to distinguish

al Fe

Using neutrons can we
distinguish corrosion?

RANS imaging time~5~20 min.
2015/5/20 9




3D information of the
corrosion in the steel
, under-film

Success of moisture

reduction for hours

Steel alloy
DrTaketani o

B2
o RANS explosure time™~5 min per one

2015/5/20 7 - : shot. »




2.Metallographic observation,
plastic forming process

on 13" Y.lkeda has presented

How about neutron
diffraction

with compact neutron
source??

Pulsed neutron TOF measurement

o '
lectron Back Scattering Diffraction Only surface
information pure Titanium (together with Prof. THama Kyoto Univ)

as received After
compression




Lightweight solution of the materials with low cost are
needed for the reduction of CO2, or energy problems...

Strength and Formability

‘High-strength steel has a
poor formability
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— Low forming limit or
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stamping operation
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Formability and strength is
in the inverse relationship
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VCAD project

RIKEN 2001-2011

Formability of metal;

A. Makinouchi

RIKEN has the special Simulation M Takamura,

. . H.Sunaga
technlque - Body Side Outer Sheet metal forming
simulation the largest parts

LDUUYy OlIuUt JuLCl

Plastic deformation under
press process, to prevent
racks, wrinkles, FEM analysis
Is useful tool.

2015/5/20



FEM simulation




Press forming process involves elongation and compression
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Press forming process involves elongation and compression

ppet L

© FEMsimulation

Until now, we only introduce macroscopic
mechanics in the simulation, to reach
more realistic results, we need the
mesoscopic information.

Bulk metal observation on site should be
possible only with neutron beam

—ZUU
-0.025 -0.015 -0.005 0.005 0.015 0.025

2015/5/20 Strain 16



First trial experiment at

RTIERNseeTITIl Somple with 19.49% elongation
2014
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Diffraction results by BANS ' elongation

JAEA H.Suzuki,

2015/5/20
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Success of the observation of texture @ RANS

®As-receive (0%) rather strong orientation along (110)
®Under elongation along 110 orientation

success of the observation of change
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Intensity

of metal;

—\Whether the residual austenite
can be observed with compact neutron source?

5000 —

4000 —

3000 —

2000 —

1000 —

SUS316 75% Cold roll

+ Measured data
— Rietveld fit

— Difference curve
— Background

O— Wrrmewy o wwr

S o

strong request from
steel companies

1st trial experiment has done
SUS316 75% cold roll

Martensitic phase:
bcc

26%
Austenite phase: fcc

20
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Fast neutron imaging system for nondestructive
inspection of large-scale concrete structures

Y. Seki?, A. Taketani!, T. Hashiguchi!, H. Ota?, S. Tanaka?,
K. Kino3, K. Hirota%, H. Baba?!, S. Wang!4, Y. Yamagatal, Y. Otake!

RIKEN?, KEK?, Hokkaido Univ.3, Nagoya Univ.%- Xi’an Jiaotong Univ.




Background
G

* Aging deterioration of large-scale concrete structures

- Lifespan of concrete ~ 60 years — peak in 2025 in Japan
— Lifetime expiration 42,000 bridges

Collapse of the Ynys-y-Gwas brg.

- New construction of bridges/highways is impossible (UK, 1985)

— Diagnosis, preventive maintenance, life extension

* Assessment of concrete deterioration

Void
Water * Width of Steel bar
* Void .
steel | * Water Deteriorated concrete

* Fracture of steel bar

Rust

Fracture —>Required resolution ~ 3 cm
I:> Fast neutron transmission imaging High penetration power
as on-site nondestructive inspection technique Sensitivity to water




Transportable compact neutron system

 Prestressed bridge,
we cannot know without
pealing the concrete slab

PR [ S ——— y ~

. Stgel bridges steel bridge

COffOSIOﬂ

After
disassemble

joint part=--
2015/5/20



Fast neutron (some MeV): concrete slab with~50cm thickness

Fast neutrons Slow neutrons)
E Energy 10V 10%V  25meV 1meV  0.0lmeV  107eV
Temperature 101K 300K 10K 0.1K 10K
Velocity 10’m/s 2200m/s 1m/s
Wave length 10" 12m)| 0.18nm 1nm lum
: Scattering cross :

10" EFr—vomac section ° — | E"1MeY, .
- F - —ELasTIC 1 Low absorption for almost all
= o [ [E—CAPTURE | H
c 100 | | 3 elements,
g = A : 1 But still high scattering cross
~ jpn1[_"T-. Absorption cross ] PU g g
5 ; section i section for H atom
E 1072L - i N
75 s TR 3 o .
. - |, Detection of Water in
o 1073 - Fast neutrons
& : T~_ *MeV the concrete (~“50cm)

o= i :

T ST LT LT T A T AT L R T S I
Slow neutrons Neutron Energy ( eV)

(25 meV)



Fast neutron detector for concrete inspection

* Detector design Plastic scintillator
e
3 cm(H) x 3 cm(W) x5 cm(D)

- Mass production

Multi-Pixel Photon Counter (MPPC)

I HAMAMATSU $10931-050P
Amplifier Comparator Netork . _ Effective area: 3 mm x 3 mm

Counting ability: 3 mV/p.e.
Time resolution: 500-600 ps

Counter

Accelerator
TO

Readout
circuit

Scintillators
+ MPPCs

Scintillators
+ MPPCs Neutron beam

Scintillators




Success of observation difference of

steel bar In the concrete

Hole Steel 3 ch. detector  comparison with the experimental results
®18mm bars and simulation by GEANT4.
1.02
.1k
S .98 Concrete +Pb 10cm
S0.96
@
90.94
| Zos2 - Concrete
[Q0)
et ion = 09 30cm e~
.nser Ion bars (.88 Yial—43Conerete 30cmPhl0cm
Into concrete 0.86 L2l Concrete 30cm
0,123 — EESConcrete30cmPhl0cm
0.84 — EEEConcrete3lcm
| 0.82
0 1 7 3
Number of steel bar
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Fast neutron imaging through 30cm concrete block
G

Observation of
the steel bar

vw‘

1.04

Proton linac

Proton energy: 7 MeV
Beam current: 11 pA (avg.)
Rep. rate: 20 Hz

Pulse width: 100 us

1.02

1.01

2015/5/20 27



Suacess of the observation of steels, void

* New fast neutron imaging detector
development

e 1pixel =30 mm x 30 mm
10 mm x 10 mm steel
D18 mm void (air hole)

I1m*1m 1024 channner large area fast neutron imaging detector
is now being tested with real bridge

1K
ERA1024F ¥ RILIGEH Z
[32x8EHIL (1EYEIL =

20 mm x 20 mm)]

28



Fast neutron imaging system

Detector array ~100 x 100 Transmission
~50 cm e — o ' .
: Concrete ' H= ly
Particle beam Target Neutron Steel Scintillator Signal & - : -
Void - S B®
accelerator Water Lol = == = D00 =

Compact neutron source f Fast neutron detector \ / Software \

\ (analysis/simulation)

* Accelerator e Scintillator * Image processing
* Target * Photon counter e CT
e Shielding * Readout circuit * FEM

* Neutron producing . . | |
reaction e Dimension of detectors « Noise reduction

o e Neutron flux * Photon number threshold e Blur correcting
e Energy spectrum * Demonstration of concrete * Predictive and
* Beam divergence imaging diagnostics simulation
- * RIKEN RANS * Radiation detection e RIKEN VCAD system
EXISting |+ |on source *  PHITS/GEANT4 code (FEM)

techniques

Ksimulation / \
2015/5/20 \ / 29




Trans portable compact neutron system in a
truck will be realized in some years.

The radiation level 3m far from the center of the target will be
OGU.SV/h by GEANT4 simulation.

BSRETEHIEEE10E 54U BEEBRFE (FH17F7A®IE)Japanese regulation 4MeV >linac
- BREOFREREBICAVIESRMNER CIAHEFRILIUEDIRIILF—EFTIRIHRERELL
WED(E, MR FEEEEDFERADGEFOERZMEHAEF[ILENGBHTREYSHIEET S, (=
L. BRI OV T, FRNCREFHRFNZERRF HRH T OB T HEEFRIANABE, )
30 ﬁ
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Collaboration and the support from

A.Prof.N.Ha

TITECH Df. /s akai Pr.H.Suzuki, . i
JAEA L JAERH
\ s -
¥ DrY:Kumagai, 7
Tokyo City Univ.

Dr.N.Halgu ra,
Tokyo City Univ.

015/5/20



In 2 years,
» One more beam-line for imaging with thermal

neutron in 2015 with changing the moderator
with Polyethylene,

" Proton Lainac
7MeV

.

Sample
detector

Solar
collimator

Cold
Source (Y.Yamagata
Y.Kiyanagi)

2015/5/20 32




In 2 years,
» One more beam-line for imaging with thermal

neutron in 2015 with changing the moderator
with Polyethylene,

e Cold source construction in 2016 with the

switching magnet for the proton beam
Cold

Sample
detector

Sample
detector

Sample
detector

[ Proton Lainac ]

/MeV

Sample
detecto

2015/5/20 33



Summary RANS, towards practical use ﬁ

 Compact neutron source for industrial use floor-standing type RIKEN
=== 3D neutron imaging (3D)

§° Neutron diffraction for . exure,
metal deformation pole figure

measurement

—"\,‘

e Development for the transportable neutron system

Fast neutron imaging detector, |
Transportable X-ray instrument for

health diagnosis system development  brigges prof.M.UESAKA (UnivTokyo)
3.95MeV X-band e-linac
2015/5/20 Already it was tested outside.

34



Smaller, better for practical use (inciuding shielding)
-> proton beam,

low energy, low current
Easy for maintenance (especially for the accelerator)
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