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Gas turbine aircraft engine Natural gas cylinder

Courtesy of R. Rogge, Chalk River, Canada
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Transmission Through a %-inch Plate

Material Neutron X-ray
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Neutron Residual Stress Measurements for Improved Safety
of Gas Pipelines

Residual Stress and Safety in Pipelines Residual Stress in Pipelines - From Plate Stock to Welded Pipes

Suiiely - Gun pipatines s an srvintie sbely Pipe Manufacturing Process Resulting Stress State Qualitative Prediction
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H In Proteln and Drug DeS|gn

e AIDS
e Arthritis and Inflammation
e Cancer
 Diabetes Mellitis
e Heart Diseases
Water on monoxymyoglobin
Cheng and Schoenborn, Acta. ° Parkinson's Disease
Cryst. 1990
e Sleeping Sickness
e Immune Diseases
e Antivirals
* Novel Methodologies
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Nanophase ZrO, SANS studies
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Science 301, 1691 (2003)
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FiG. 15. The mean radius of gyration of the precipitate hardening phase in nickel-based turbine blades.
After many hours in service, the precipitate size grows most rapidly in the central region of the blade
where the stresses are greatest. [From Galotto et al.*]
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RHODIUM GOLD

L i 1 i | )
0 10 20 mm

FiG. 9. A x-ray (upper) and resonance neutron (middle) radiographs of a composite sample comprising
letters formed from three elements. The separated images show no interference. They were obtained using
neutrons with 1.26 eV, 4.16 eV, and 4.91 eV energies, respectively. The lower figure shows a resonance
radiograph of the silver within a silver braze. The image is formed using the 5.2 ¢V absorption resonance
of silver. Results were taken on the National Bureau of Standards electron accelerator. [From Schrack *
and Schrack er al. ™|
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tas hydrided internally, for example, at the locations marked A ( % 7.5).
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Neutron Capture Induced Radlography (A7 )

For example non-distructive analysis of old printings to verify authenticity, examine
techniques, discover hiddened images, etc. Neutrons captured/activated by certain elements
may emit gamma rays of specific energies. This technique provides imaging and chemical
information.

Visible light
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For Neutron Scattering, Pulsed Spallation
Sources have Recently Overtaken Reactors

« At reactors we use a narrow wavelength band of neutrons all
the time

« At pulsed sources we can often use a broad wavelength
band from each pulse and do not have to “throw neutrons
away”
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Figure from Skold & Price
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The first spallation neutron source in the
USA (The second in the world)

The most scientifically productive neutron
user facility within the USDOE system

Hosting about 400 users each year
Celebrated the 25! anniversary in June 2006
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OAKRIDGE NATIONAL LLABORATORY

Managed by UT Battelle for the Department of Energy

Trajectory of
EXCELLENCE...

UT-Battelle has announced the selection of

Dr. Thom Mason (right) as Director of Oak Ridge
Mational Laboratory. He will succeed Dr. Jeffrey
Wadsworth (left), who served as ORNL Director for
the past four years.

Science and Technology

Spallation Newtron Source

latest news | archive

Cormmimity Cidraach
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KBTI (HWRR)

The Heavy Water Research Reactor

Begun operation in 1958

O Fuel enrichment : 2% 235U

Q Power: 7MW (maximum power: 10MW)
O Maximum thermal neutron flux in core:
Q

1.2x10*n/cm?/s
Upgraded in 1979-1980 to 10 MW,
2.8x10n/cm?/s

Jointly responsible to scientific programs
with the neutron group from Institute of
Physics, CAS

(I

Triple axis®du.
-cjicle diffy.
S;

SANS
10T 1

spectr Sl =20 ﬂ
= Powder diffractometer
“i‘ - Be-filter spectrometer ||

By 2008, HWRR will be 50-year old, time to retire perhaps! M
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B Crystallographic and magnetic structures of rare-earth-iron permanent magnetic
alloys were studied by neutron powder diffraction, and the studies are mainly foc
used on the R,Fe;; and RFe,, series, the atom occupancies and magnetic moment
s of magnetic atom were obtained by the Rietveld analysis program.

B Powder neutron diffraction studies and measurement of neutron inelastic scatteri
ng spectra of high-Tc superconductor, such as Hg — 1223, YBa,(Cu, ,Co,);0, and

B Small angle neutron scattering study of biology sample has been also done, e.g.
The association effect for studies of Human Serum Albumin under different conce
ntration of Zinc ion[Zn?*].

B Single crystal structure analysis of non-linear optical material has been done on F
our Circle Diffractometer, such as Deuterium (Hydrogen) L-Arginine Phosphate m
onohydrate D(H)LAP. In this investigation, the length of hydrogen bond and mole
cular structural formula have been determined .

B Lattice dynamics studies of functional materials ( such as Invar alloys, shape me
mory alloys): Generalized phonon densities of states (PDOS) on amorphous Feg,_,
Co,Zr,, (x=10 and 40) were measured by time of flight spectrometer at room temp
erature. The results show that the generalized PDOS below 17meV become soft a

t the Invar concentrations.
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Key Parameters
VDR 60 MW

» b F@E Max undisturbed thermal
neutron flux (necm-2es1)

« 1x10% (in reactor core)

e 8x10* (at heavy-water reflector)
= HIE 19.75 wt% U235 enrichment

CARR is a user facility. Neutron
scattering for material
characterization is a major research
program at CARR open to users from
universities, industry and government
labs.

9 horizontal beam tubes

HT1 views the LH, cold neutron source (CNS)
HT3-9: thermal neutron beams

HT2: A multi-filtration beam tube

Space reserved for future hot source (HNS)

Additional 25 vertical channels



Steering
Committee
Division of
CARR Project
YK Shi

Scattering
Science

Crystalline &
non-Crystalline Structure

Large structure
Soft Matter
Materials Engineering
Dynamics & Excitations

Instrumentation
Research & Development

Instrument & Program \
Science Advisory
Development Committee

Organization Chart of Neutron Science Project

CIAE
ZX Zhao
Department of Division of  pivision Machine
Nuclear Physics Planning of Health shop
IEESTE XD Jiang Physics
CARR-NS
Project N
Il eutron
DF Chen .([‘_-iSL Safety User
Neutron="|Committee Alliance
Scattering
aboratory
it
o Operation
Management
Scattering Experimental NSL
Instrumentation upport Supervision
Data
1. II;IRPD Acquisition Engineering
NR- Environment
4.NR-1 Technical
5.NR-2 Ancillary gc mcft
6.RSD Equipment i
7.T7D Devices
B.TAS

Irradiation

Materials testing
Isotope Production
Radiography/Imaging
Activation Analysis



2y =y Mllestones of NSL- CIAE

1957 BRBEEE —EFFHITHIEX
— First neutron diffractometer built in China
1980 BRIINSL-CIAE, E54#BRE1E5IH=81EX
— NSL-CIAE found and collaborated with |OP, CAS
2001 CARR FiaiEd&E, ER7.7{CART. P FESZFH35007h, BESEIEL.
RE=FHIE
— CARR was started by the budget of 770M RMB yuan (100MUS$), and 8 NS
instruments on CARR with a budget of 35M RMB yuan (4.6MUS$)
2002 SERR=FE S RIMIER T,
— Finished physical design for three new NS machines
2003 &SN ROTHE X
— HRPD fabrication
2005 HZERAX#HZEFEIEMRBRIENEE, 2736005, HA/EAMT

— Propose collaborating project with Charles Han (loC) supported by MOST (5MUS$)
/ Main parts of REST transported from Sweden

2006 A E—faP P FEHSNUREREENSIHED)

— First US—China meeting on neutron science and technology / SV30 relocation from
FZJ under discussion ?10MUS$

2007 HB—mEFFEABIEE R <

— First Domestic & International Advisory Committee on NSL-CARR

Ilrn




NSL PHASE I: A Developing Model of
Inter-Institutional and International Collaboration

developed with Institute of Chemistry, CAS led by Prof. Charles Han, receiving gracious
assistance from NIST, USA.

N AT : A Residual Stress Diffractometer: Majority of components contributed by the
reactor from Studsvik, Sweden in collaboration with Dr. Ru Lin Peng.

=4, MERIFZM A Triple-axis Spectrometer, a Four-circle Single-crystal Diffractometer,
and a Texture Diffractometer: Imported from FZ-Julich, Germany under an international
agreement of cooperation.

=7 8EETET: A High-resolution Powder Diffractometer: Being designed and built at CIAE.

=R EM AR KT E . A High-Intensity Powder Diffractometer and a TOF Spectrom
To be upgraded from existing components at HWRR. 1/




HRPD

Ad/d=2X 103, Able to determine the crystal structure
with unit cell volume1000A3, and including 150

structural refinement parameters.

Design criteria :

Theory of conventional
multi-collimator high
resolution powder
diffractometer



Project Schedule 2007

FRiRS Mission 2007 2008

1172134516789 1011|1212 |3 |4 |5

1 |HRPD Schedule 2007 -

2 Motion stages . |

3  |Detector e

4  |Electronics ]

5 |monochromator =—

6 Ge crystal hot—press [N

7 V.F. Device N TN BTSN

8 |Mono. Shielding e = @@ @@ @ ]

9 |Software . @@ @@ @ @




Z = 7

 Monochromator
 Monochromator shielding
e Sample table

e Detector

e Control software

o Slit system

« Ancillary equipments
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Different set-ups on REST
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Figure 3. Aluminivm beverage cans. Onthe small scimple, cars are
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Fig. 3. X-ray and neutron pole figures of upsct-forged tantalum

showing the difference between the surface and bulk textures.
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The German neutron instruments in FZJ

» New commissioned thermal neutron triple
axis spectrometer in 2005.

» Twined four circle diffractometers have
been dedicated in condensed matter
research steadily for more 20 years.




Granite dancing floor

Waveness: 0.5mm within 30cm

Slope: 1mm within 1000mm

700 mm

| : 50 mm

e 1000 mm

| The drawing is not necessarily to scale! Only the numbers matter! ‘

The outer diameter of the air pad connecting plates is 180 mm. This number is not critical.

The six MG tapped holes to be machined into the base plate in order to fix the air pads to the
base plate lie on a diameter of 160 mm, 60° apart from each other. The 160 mm should be kept
to within £ 0.2 mm. The through bores on the air pads have a diameter of 7 mm.
(Your machine shop people can of course wait until the air pads have arrived.)
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N-ray diffraction
experiment

Neutron diftraction Inelastic neutron
experiment scattering experiment
I X-ray
1 ' ditfraction
Unpolarized neutron Inelastic neutron
. - - 3 e T o
cdiffraction for single crystal Resonant X-ra;
scattering

Y
Polarized neutron Inelastic neutron
diftraction for polycrystalline




shielding design)

* Basic design of SANS
are based on the NIST design

« Neutron guides spec and order

e Collimations design, spec and order
e Detector selection and order

e Others ( guide hall constructions, utilities,

S
P
g
P/

and Reflectometer

7

Finished
spec and
order

Finished spec 4

and order

| ' -
NG ;
A 5T ER 4

Finished spec and order
for the collimation;
Engineering design on
detector path in progress

|\ A T RR T RR S
\-
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Reflectormeter-3d structure view

SANS-3d structure view
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Monochromator
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Rock Curve of Perfect Ge Crystal
Mosaic 6"
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Rock Curve of hot-pressed Ge Crystal

Mosaic 17’




 Hot-pressed Ge ¥
crystal Ongoing

Dr. HW Xiao
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. Va PTRON

Integration of High P-T Neutron Diffraction & Neutron Radiography/Tomography
with Acoustic Elasticity, Thermo-Calorimetry, Deformation Texture/Rheology

Pregsure/Temperature Research Online Neutron

Prof. Zhao Vusheng

Vigiting Scientigt, Peking University

Staff Scientigt LANSCE-12, MS-#805; Los AlLamos National Laboratory, Log Alamos, NM
87645;

Phone: (505)-667-3886, Fax: (505)-666-2676, €-Mail: yzhao@Lanl.gov

CIAE


mailto:yzhao@lanl.gov

Reactor Hall

Proposed Instrument
development beamline <

Phase 1 (2008-): A 3-port line for rotor,crystal,
polarizer, detector,... development

Phase 2 (2009-): TOF instrument testing

Phase 3 (2009-): Cold neutron optics &
Imaging testing station

2 L)

Cold Neutron Guide Hall

36m

Committed beamlines
TAS: Triple-axis spectrometer (2008)
TOF: Time-of-flight spectrometer (future)
FCS: Four-circle diffractometers (2008)
RSD: Residual stress diffractometer (2008)

HIPD: High-intensity powder diffractometer Beamholes not belonging to NSL

HRPD: High-resolution powder
diffractometer (2008)

Beamhole for cold neutron guides (2008)
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Complex 3:29 Series

4Nd, Y, Fe, Ti . Mo,
S5 Nd, Dy Fe,., Mo, ,
6 Nd; Dy, Fe,, Ti; Mo, ,

7 Nd, Dy, ey, ;Ti, s Mo,
8 Nd;Fe,, ;Ti, s Nb,
9 Nd,Fe,, Mo, 5 ,Zr,
10 Nd,Fe,, . T1, . Zr
11Y, Dy, Fe,, i, 5
12'Y, Dy,Fe,, sMo, ,

Intensit W Counts )

Eicmuly fam )

E§ s s 3388888

A, Ca

Dr.

S.B. Han
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and J. H. Li, . Appl. Phys. 98, 013537 (2005)

2. XF. L, S.B. Han, 1.Y. Lv, X.J. Li, ZB. Hu, D.F. Chen, Y.J. Xue and J.H. 1i,
Journal of Alloys and Compounds (in press).
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WA dongfeng

= ND analysis

Dear DongFeng,

We have analyzed your ND data and we are quite satisfied with their quality
as regards diffaction statisitcs, resolution and angle range. We notice

that you need long time for getting good statistics but the results are

fine. Both Michel Latroche and me are quite happy with these results. We
will think sending you samples as soon as we will face new problems

concerning structural determination of stable hydrides and or
intermetallic compounds.




Recent Neutron Powder Diffraction Experiments
Carried out at HWRR

B Universities
Hl CAS
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By 2008, HWRR will be 50-year old, time to retire perhaps!




AT

Instrumentati

Through User Involvement and International Cooperation

High Resolution Powder

Diffractometer
‘\\ 7

Following the practice at modern facilities, we are in the process of developing a
uniform policy, transparent to users and interested groups from universities,
industry and government labs.

1.

Submission of a Letter of intent to CARR

2. Establishment of an Instrument Development Team
3.
4. Extensive involvement of scientific user communities

Review by a Scientific Facility Advisory Committee

We plan to consult international experts like
yourselves for advice and reviews

o




1 st US-China NS
Workshop

The US-China Workshop Series on Neutron Scattering Science
and Technology: The Inaugurating Meeting

November 12-15, 2006 Spansored by US National Scisnce Foundation
Bﬂ"g"l'ﬂg, Chinc C.l:u:nﬂ Institute DfArom::c Energy
Chinese Academy of Sciences

Intemiational Meeting on
Neutrons and Grand Challenges of Nanoscience,

Energy Research, and Computation

November 1 6-18, 2006 Hosted & sponsored by Hebei University of Technelogy
Xi’an, China Co-sponsored by China Institute of Atomic Energy

- e ] ST e R -

P
ek

Bd At A RR Y R

Dy

Thisg inanguratine meetin

- and ﬂl'lr:,! euh?on{.:g&ﬁ recinrocal meesting in the

L

N
A
\\\

i
{

{ :$

MR NE RS AR

<{ 05 @

g

.. (ﬁﬂ'g i
3




Mission Statement ofﬁNSL-CARR:

NSL Is dedicated to serve neutron
users from China and abroad for
materials research  with reliably
optimized, progressively upgradable,
and safely operated facilities and a
devoted staff.
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International Advisory Committee

September 21-22, 2007 in Liangxiang, Beijing, China

e Chun-Keung Loong, Chair (Argonne, USA),

e Sow-Hsin Chen (MIT, USA),

» Yasuhiko Fuijii (J-PARC, Japan),

e Alan J. Hurd (Los Alamos, USA),

* Winfried Petry (FRM II, Germany),

* Roger Pynn (U. Indiana, USA),

» Uschi Steigenberge (ISIS, UK), and

* Michael Steiner (HMI-Berlin, Germany).

Kenneth W. Herwig (Oak Ridge, USA), Shane J. Kennedy (Bragg Inst., Australia),
and Dan A. Neumann (NIST, USA), could not attend the meeting




Unprecedented Opportunities in Nanoscience, Advanced
Materials, Energy-related Systems, and Biology

We commend

€ CIAE on its leadership and support of the CARR Project

€ NSL on the outstanding progress in designing and
constructing 5 reactor instruments that will be ready on day 1 of
CARR operation & 2 instruments operational at the completion
of the cold source.

€ NSL on realizing 4 out the 5 instruments through
International collaborations which will contribute strongly to the

Initial success.

The Phase | neutron-scattering instruments are all
Internationally competitive. NSL has the potential to produce
scientific excellence and to demonstrate the capability of
becoming a successful user facility at CIAE at a level that has
never happened before in China.



Prerequisites for Producing Excellent
Neutron Science

@ CARR must operate stably and reliably for
more than 200 days per year.

@ The cold source must function properly in
conjunction with the reactor operation.

@ The cold source must be adequately
funded if the facility is to be scientifically
successful.




Domestic Advisory Committee

April 5-6, 2007 in CIAE, Beljing, China

e Jianhua LIN, Chair (Peking University),
 Charles HAN (Institute of Chemistry, CAS)
« Wenquan WANG (Jilin University),

 Biao WANG (Zhongshan University),

o Jiyang WANG (Shandong University),

e Chunlin ZHANG (Jinan University),

 Yuanbai CHEN (Institute of high energy physics, CAS )_
* Haiqing LIN (Hongkong Chinese University) @
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Thanks For all of
your SUpport
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