8th International Topical Meeting
on Neutron Radiography 2016
(ITMNR-8)

Neutron Imaging for Applications in
Industry and Science

Physics Procedia Volume 88

Beijing, China
4 - 8 September 2016

Editors:
Dongfeng Chen Yuntao Liu
Zhiyu Guo Meimei Wu

Songbai Han

ISBN: 978-1-5108-4330-1



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© by Elsevier B.V.
All rights reserved.

Printed by Curran Associates, Inc. (2017)

For permission requests, please contact Elsevier B.V.
at the address below.

Elsevier B.V.
Radarweg 29
Amsterdam 1043 NX
The Netherlands

Phone: +31 20485 3911
Fax: +31 20 485 2457

http://www.elsevierpublishingsolutions.com/contact.asp

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

EDITORIAL ...ttt 1t bbb b E b e st e b £ h R h R et e b e b £ e b e e b e R e E e b e e e st ekt e bt e b e b b e et eneene s 1
Dongfeng Chen, Zhiyu Guo

COMMITTEES ..ottt bbbt b e b b e e bt e b £ e e e b e oAbt A b £ e e e b e e s b e A b e e s bt e b e e b e e b e e bt e b e et e s bt e e e abe s 4
N/A

INDUSTRIAL APPLICATIONS

RECENT APPLICATIONS OF NEUTRON IMAGING METHODS.........cooiiiiiicee e 5
E. Lehmann, D. Mannes, A. Kaestner, C. Griinzweig

INDUSTRIAL APPLICATION EXPERIMENTS ON THE NEUTRON IMAGING INSTRUMENT

[0 1L ST 13
UIf Garbe, Yogita Ahuja, Ralph Ibrahim, Huijun Li, Laurie Aldridge, Filomena Salvemini, Anna Ziara
Paradowska

PEM WATER ELECTROLYSIS: PRELIMINARY INVESTIGATIONS USING NEUTRON

R D L@ 1Ty Y o o RSSO 19

Frikkie De Beer, Jan-Hendrik Van Der Merwe, Dmitri Bessarabov

STRUCTURAL CHANGE OF CARBON ANODE IN A LITHIUM-ION BATTERY PRODUCT

ASSOCIATED WITH CHARGING PROCESS OBSERVED BY NEUTRON TRANSMISSION

BRAGG-EDGE IIMAGING ......ooitiiiiiiitei ettt ettt bbbt bbbt e b s bt et s b e et e e bt e be e b e et e sbeenbesbe e b nne e s 27
Takashi Kamiyama, Yuki Narita, Hirotaka Sato, Masato Ohnuma, Yoshiaki Kiyanagi

A COMPARATIVE STUDY OF THE CRYSTALLITE SIZE AND THE DISLOCATION DENSITY

OF BENT STEEL PLATES USING BRAGG-EDGE TRANSMISSION IMAGING, TOF NEUTRON

DIFFRACTION AND EBSD .....ooiiiciiiicit ettt et s et e et e e e st e e e st e e e s ba e e e aab b e e e eab e e e aateeeeeaaaeeesabeeesteeaeaares 34
K. Oikawa, Y. H. Su, Y. Tomota, T. Kawasaki, T. Shinohara, T. Kai, K. Hiroi, S. Y. Zhang, J. D. Parker, H. Sato, Y.
Kiyanagi

TIME-OF-FLIGHT NEUTRON TRANSMISSION IMAGING OF MARTENSITE

TRANSFORMATION IN BENT PLATES OF A FE-25N1-0.4C ALLOY ....ooiiiieiie ettt 42

Y. H. Su, K. Oikawa, T. Shinohara, T. Kai, K. Hiroi, S. Harjo, T. Kawasaki, W. Gong, S. Y. Zhang, J. D. Parker, H.
Hayashida, H. Sato, Y. Kiyanagi, Y. Tomota

MICROSTRUCTURAL INFORMATION MAPPING OF A PLASTIC-DEFORMED A-IRON

PLATE DURING TENSILE TESTS USING PULSED NEUTRON TRANSMISSION ......c.cooeiiiiiece e 50
Takashi Kamiyama, Kenji lwase, Hirotaka Sato, Stefanus Harjo, Takayoshi Ito, Shin-Ichi Takata, Kazuya Aizawa,
Yoshiaki Kiyanagi

VISUALIZATION OF SOLIDIFICATION PROCESS IN LEAD-BISMUTH EUTECTIC........cccooovviiiiievie e 58
Daisuke Ito, Yasushi Saito, Hirotaka Sato, Takenao Shinohara

A FEASIBILITY STUDY ON REACTOR BASED FISSION NEUTRON RADIOGRAPHY OF 200-L

WVASTE PACKAGES. . ...ttt ettt e e e oottt e ettt e e ettt e e e et be e e e beeeaasbeeeesabeeesabeeeeasseeeeaabaeesabaeesasseeeessbeeesseaesnseas 64
T. Biicherl, O. Kalthoff, Ch. Lierse Von Gostomski
APPLICATIONS OF NEUTRON RADIOGRAPHY FOR THE NUCLEAR POWER INDUSTRY .......ccocceevvveenen. 73

Aaron E. Craft, John P. Barton

CONVERSION FROM FILM TO IMAGE PLATES FOR TRANSFER METHOD NEUTRON

RADIOGRAPHY OF NUCLEAR FUEL .....oiiiiiiiict sttt sttt sttt e e s e anteennaeaneesnaeennee s 81
Aaron E. Craft, Glen C. Papaioannou, David L. Chichester, Walter J. Williams

PULSED NEUTRON IMAGING FOR NON-DESTRUCTIVE TESTING USING SIMULATED

NUGCLEAR FUEL SAMPLES ... oottt s e et e e teess e e te e asee e s seeanteesseeeseeeaneeanteeaseeeaeesnseenseeanenes 89
Daisuke Ito, Tadafumi Sano, Jun-Ichi Hori, Yoshiyuki Takahashi, Hiroyuki Hasemi, Takashi Kamiyama, Ken
Nakajima

SCIENTIFIC APPLICATIONS

NEUTRON MICROTOMOGRAPHY OF MGB, SUPERCONDUCTING MULTIFILAMENT WIRE ................... 95
Pavel Trtik, Christian Scheuerlein, Patrick Alknes, Michael Meyer, Florian Schmid, Eberhard Lehmann

NEUTRON TOMOGRAPHY AND X-RAY TOMOGRAPHY AS TOOLS FOR THE

MORPHOLOGICAL INVESTIGATION OF NON-MAMMALIAN SYNAPSIDS........ccccooiiiiniieeeee 100
Michael LaaR, Burkhard Schillinger, Ingmar Werneburg



EXPLORING HOMININ AND NON-HOMININ PRIMATE DENTAL FOSSIL REMAINS WITH

NEUTRON MICROTOMOGRAPHY ..ottt et e e sta e ssa e e ste e s raeeaaessteesteesneeenseesnaeeseennseanneennean
Clément Zanolli, Burkhard Schillinger, Amélie Beaudet, Ottmar Kullmer, Roberto Macchiarelli, Lucia Mancini,
Friedemann Schrenk, Claudio Tuniz, Vladimira Vodopivec

ARCHAEOMETRIC INVESTIGATIONS ON MANUFACTURING PROCESSES IN ANCIENT

CULTURES WITH THE NEUTRON IMAGING STATION DINGO AT ANSTO ..ccoiiiieiieciesee e see i
Filomena Salvemini, Vladimir Luzin, Francesco Grazzi, Scott Olsen, Kenneth Sheedy, Sue Gatenby, Min-Jung
Kim, UIf Garbe

THE EARLY STAGE OF NEUTRON TOMOGRAPHY FOR CULTURAL HERITAGE STUDY IN

THATLAND . ..tttk s bt e skt oAbt e b et oAbt e 1h bt oAbt e e hb e e b e oa bt e b e e e skt e s h b e e b e e e b e e e bt e nnbeanbeenree s
S. Khaweerat, W. Ratanatongchai, S. Wonglee, B. Schillinger

CRYSTALLOGRAPHIC ANALYSIS OF A JAPANESE SWORD BY USING BRAGG EDGE

TRANSMISSION SPECTROSCOPY ..ottt ettt stee sttt et e te e sseeaste e st e asseesseeanteesreeanseeaseeasteesnseebeeasanenseens
Yoshinori Shiota, Hiroyuki Hasemi, Yoshiaki Kiyanagi

GEMMOLOGICAL INVESTIGATIONS ON PEARLS AND EMERALDS USING NEUTRON

LY € 1 N SRS
D. Mannes, C. Hanser, M. Krzemnicki, R. P. Harti, I. Jerjen, E. Lehmann

EACILITIES AND INSTRUMENTATION

STATUS AND PERSPECTIVES OF NEUTRON IMAGING FACILITIES .....ocoiiie e
E. Lehmann, P. Trtik, D. Ridikas

THE THERMAL NEUTRON BEAM OPTION FOR NECTAR AT MLZ....cccoiiiiiiiitiieie et
M. J. Muhlbauer, T. Bucherl, C. Genreith, M. Knapp, M. Schulz, S. Séllradl, F. M. Wagner, H. Ehrenberg

NEUTRON IMAGING DEVELOPMENT AT CHINA ACADEMY OF ENGINEERING PHYSICS

(O =1 = OO USSP SO TP PTOUSURTOT
Hang Li, Sheng Wang, Chao Cao, Heyong Huo, Bin Tang

RECENT PROGRESS OF RADIOGRAPHY AND TOMOGRAPHY AT THE ENERGY-

RESOLVED NEUTRON IMAGING SYSTEM RADEN.......coiii ittt saa e ae e e e nnne s
Y. Matsumoto, M. Segawa, T. Kai, T. Shinohara, T. Nakatani, K. Oikawa, K. Hiroi, Y. H. Su, H. Hayashida, J. D.
Parker, S. Y. Zhang, Y. Kiyanagi

STATUS OF THE IMAGING FACILITY INUS AT INR ..ottt sttt sneesnna e
Marin Dinca, C. lorgulis, D. Barbos, L. D. Mitrea

THERMAL NEUTRON RADIOGRAPHY USING A HIGH-FLUX COMPACT NEUTRON

GENERATOR .ottt ettt ettt st e et e e st e e s ae e as e e am s e e eRee e s e e aseeenseeeRee e e e e ambeenseeeneeeaneeemseeaneeenseenneeanteenneennsaenn
Michael Taylor, Evan Sengbusch, Chris Seyfert, Eli Moll, Ross Radel

WOLTER MIRRORS FOR NEUTRON IMAGING ...ttt sttt ae et a e saa e snaeestaesnaaenneesneas
Huarui Wu, Boris Khaykovich, Xuewu Wang, Daniel S. Hussey

DESIGN FEASIBILITY STUDY FOR A DEMULTIPLEXER MINIATURIZED FOR

MICROTOMOGRAPHIC IMAGING ...ttt sttt sttt e b e ssee e teesneeenbeesneeebeenneeaneesreas
Udo Lang, Pavel Trtik, Manuela Notter, Jan Hovind, Eberhard H. Lehmann

QUADRUPLE AXIS NEUTRON COMPUTED TOMOGRAPHY ..ottt ee e snee e snee e e
Burkhard Schillinger, Dominik Bausenwein

DESIGN AND APPLICATIONS OF A CLIMATIC CHAMBER FOR IN-SITU NEUTRON

IMAGING EXPERIMENTS ...ttt ettt s e st e et e e st e et e e st ae et e e ss b e enteeesaeesaeeanbeentaeesteesnbaennnennees
David Mannes, Florian Schmid, Timon Wehmann, Eberhard Lehmann

EXPERIENCES WITH A NEW SHIELDING MATERIAL .....oooiiiii ittt s
T. Biicherl, E. Calzada, S. Q. Liu, W. Stéwer, F. Kortmann, H. GroBlhuber, Ch. Lierse Von Gostomski

EXPERIMENTAL EVALUATION OF NEUTRON ABSORPTION GRATING FABRICATED BY

OBLIQUE EVAPORATION OF GADOLINIUM FOR PHASE IMAGING ........ooiiiiie e see e
Yoshichika Seki, Takenao Shinohara, Wakana Ueno, Joseph D. Parker, Tetsuo Samoto, Wataru Yashiro, Atsushi
Momose

ANEUTRON DETECTOR WITH SUBMICRON SPATIAL RESOLUTION USING FINE-

GRAINED NUCLEAR EMULSION ...ttt sttt stk asbe st et beasbesbe et s beenbesbeeaesbeenbesaaenes
N. Naganawa, S. Awano, M. Hino, M. Hirose, K. Hirota, H. Kawahara, M. Kitaguchi, K. Mishima, T. Nagae, H.
M. Shimizu, S. Tasaki, A. Umemoto

DEVELOPMENT OF AN IN-SITU SEOP *HE NEUTRON SPIN FILTER FOR MAGNETIC

IMAGING TECHNIQUES ... ..ottt st e e s e et e e et e e teesa b e enteeesaeesseeanteeataeesteesnseeseennees
H. Hayashida, K. Hiroi, T. Oku, H. Kira, K. Sakai, T. Shinohara, T. Kai, J. D. Parker, Y. Matsumoto, S. Y. Zhang,
T. Ino, M. Ohkawara, K. Kakurai



PERFORMANCE OF SELF-DEVELOPING RADIOGRAPHY FILMS IN LVR-15'S NEUTRON

Jaroslav Soltes, Ladislav Viererbl, Vit Klupak, Miroslav Vins, Bozena Michalcova

THE SIGNAL CHAIN - HOW THE REMOVAL OF AN IMAGE INTENSIFIER AT THE AERE

REACTOR IN BANGLADESH IMPROVES NEUTRON IMAGING .....c.ccoiiiiiece ettt
Burkhard Schillinger, Sudipta Saha

METHODS

METHODICAL PROGRESS IN NEUTRON IMAGING AT PSI ..ottt
E. Lehmann, M. Raventos, R. P. Harti, P. Trtik, A. Kaestner, D. Mannes, C. Grunzweig

SAMPLES TO DETERMINE THE RESOLUTION OF NEUTRON RADIOGRAPHY AND

TOMOGRAPHY ettt bbb b e e bt o b e e h e e R e e bt e b e e b e e Ee e bt eh b e bt e b s e bt ehe e bt e b e e bt aneenenreen
A. P. Kaestner, Z. Kis, M. J. Radebe, D. Mannes, J. Hovind, C. Griinzweig, N. Kardjilov, E. H. Lehmann

WHICH RESOLUTION CAN BE ACHIEVED IN PRACTICE IN NEUTRON IMAGING

EXPERIMENTS? - A GENERAL VIEW AND APPLICATION ON THE ZR - ZRH, AND ZRO, -

ZRIN SYSTEMS ...t h et b e b b etk e R bt e bt e b e b e b e e b £ et e b e oAb e eh e e bt e b e e bt eheenbesbe e besbeenenbeen
Mirco Grosse, Nikolay Kardjilov

A METHOD FOR NEUTRON SCATTERING QUANTIFICATION AND CORRECTION APPLIED

TO NEUTRON IIMAGING ...ttt bbbt bbbt e bbb e bt s b e bt b e e bt s bt et e s b e e s beaseenbenreen
Marc Raventos, Ralph P. Harti, Eberhard Lehmann, Christian Griinzweig

EDGE ENHANCEMENT INVESTIGATIONS BY MEANS OF EXPERIMENTS AND

SEMULATIONS ..ttt bbbtttk e st e s bt e s et b e e s b e e H £ 2R e e R e e R b oA E £ e s e e e b £ e R b e A b £ et e e b e e m b e ehe e bt ebeen b e nbeesneebeennenbeenes
E. Lehmann, M. Schulz, Y. Wang, A. Tartaglione

SPARSE-VIEW RECONSTRUCTION OF DYNAMIC PROCESSES BY NEUTRON

TOMOGRAPHY ettt h et ekt e b b £ etk e oAb e e bt a4t e h e oAb e eh e et e e b e e At e eh b e be e b b e bt ebeenbesbeenbesbeennenbeen
Hu Wang, Anders Kaestner, Yubin Zou, Yuanrong Lu, Zhiyu Guo

CALIBRATION AND CORRECTION METHOD OF THE DEFLECTION ANGLE OF

ROTATION AXIS PROJECTION ON NEUTRON TOMOGRAPHY ..ottt
Zhilong Ji, Qiang Lin, Xu Han, Jiawei Liu, Wen Zhang, Min Yang

RELIABILITY ESTIMATION OF NEUTRON RESONANCE THERMOMETRY USING

TANTALUM AND TUNGSTEN....c ettt sttt b e bt e et e be e b e she e nb e ek e e bt ebeenbeebeebesneenbeareens
Tetsuya Kai, Kosuke Hiroi, Yuhua Su, Takenao Shinohara, Joseph D. Parker, Yoshihiro Matsumoto, Hirotoshi
Hayashida, Mariko Segawa, Takeshi Nakatani, Kenichi Oikawa, Shuoyuan Zhang, Yoshiaki Kiyanagi

BIMODAL IMAGING AT ICON USING NEUTRONS AND X-RAYS ....oiiiiiii e
A. P. Kaestner, J. Hovind, P. Boillat, C. Muehlebach, C. Carminati, M. Zarebanadkouki, E. H. Lehmann

SOFTWARE & SIMULATION

FURTHER IMPROVEMENT OF THE RITS CODE FOR PULSED NEUTRON BRAGG-EDGE

TRANSMISSION IMAGING ... .ottt bt bt bbb e bt s b e e bt e b e e bt she et e s be e ne s b e nbeareen
H. Sato, K. Watanabe, K. Kiyokawa, R. Kiyanagi, K. Y. Hara, T. Kamiyama, M. Furusaka, T. Shinohara, Y.
Kiyanagi

COMPUTATIONAL ANALYSIS SUPPORTING THE DESIGN OF A NEW BEAMLINE FOR THE

MINES NEUTRON RADIOGRAPHY FACILITY ..ottt
C. Wilson, J. King

STUDY OF SIGNAL TO NOISE RATIO OF CODED SOURCE NEUTRON IMAGING WITH

ANALYSIS METHOD AND NUMERICAL SIMULATION ..ottt
Sheng Wang, Hang Li, Chao Cao, Yang Wu, Heyong Huo, Bin Tang, Yubin Zou, Yuanrong Lu, Guoyou Tang,
Zhiyu Guo

A FREEWARE PATH TO NEUTRON COMPUTED TOMOGRAPHY ....oooiiiiiiiiieiiiese e
Burkhard Schillinger, Aaron E. Craft

A STUDY ON INHOMOGENEOUS NEUTRON INTENSITY DISTRIBUTION ORIGIN FROM

NEUTRON GUIDE TRANSPORTATION ......ooiiiiii bbb ane s
Yu Wang, Guohai Wei, Hongli Wang, Yuntao Liu, Linfeng He, Kai Sun, Songbai Han, Dongfeng Chen

MONTE CARLO SIMULATION FOR DESIGNING COLLIMATOR OF THE NEUTRON

RADIOGRAPHY FACILITY IN MALAYSIA L ettt sttt b e e e be e b e nbe e e snean
Rafhayudi Jamro, Nikolay Kardjilov, Mohamad Hairierabir, Mohamed Rawi Mohd Zain, Abdul Aziz Mohamed,
Nursazwani Mohd Ali, Faridah Idris, Megat Harun Al Rashid Megat Ahmad, Khairiah Yazid, Hafizal Yazid, Azraf
Azman, Mohd Rizal Mamat



OPTIMIZATION OF MODERATOR SIZE OF THERMAL AND EPITHERMAL NEUTRON

SOURCE BASED ON A COMPACT ACCELERATOR FOR NEUTRON IMAGING.......cccccoeiiieiiesie e
Hiroyuki Hasemi, Takashi Kamiyama, Hirotaka Sato, Koichi Kino, Yoshiaki Kiyanagi, Ken Nakajima

Author Index





