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Bo Bpemsi nyCcKOBbBIX padoT HA mepBOM B Mupe ®ypobe-gudpaxkromerpe
HA MMITYJILCHOM HCTOYHHMKE HEUTPOHOB, peakTope UBP-2




The first high-resolution diffraction patterns were measured in June 1992
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High-Resolution Fourier Diffractometry
for Long Pulse Neutron Sources

V.L. AKSENOV 2 A. M. BALAGUROV @* and V. A. TROUNOV

' Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Moscow reg., Russia,
? St-Petersburg Nuclear Physics Institute, Gatchina, Russia

Application of the Fourier technique for diffraction experiments at long pulse neutron sources
is discussed. The main parameters of a neutron Fourier diffractometer are reviewed. A com-
parison of the parameters of the conventional TOF diffractometers at SPS and LPS with the
possible characteristics of the Fourier diffractometer is carried out. The experience of operat-
ing of the HRFD instrument, the first neutron Fourier diffractometer at the LPS-type source,
the IBR-2 pulsed reactor in Dubna, is discussed

Keywords: neutron Fourier diffractometer; high resolution; powder diffraction; pulsed neutron
source

1 INTRODUCTION

The resolution of a powder neutron diffractometer is the most important
parameter determining the type of the experiment the diffractometer is
suitable for. With a low resolution instrument with Ad/d>0.01. good-
quality data can be obtained only for structures with high symmetry, small
number of refined parameters and, in the isotropic approximation, for
thermal factors. Improvement of the resolution up to 0.005 over a suffi-
ciently wide interval of dj; provides the possibility for investigating low
symmetry structures and sometimes, allows anisotropic thermal factors to
be refined. Often, for precision structure refinement with simultaneous
determination of the thermal and occupation factors, the resolution on the
level of 0.002 or, sometimes, better is required.

* Corresponding author. Tel.: 7-09621-65803. Fax: 7-09621-65882. E-mail: bala@nfjinr.ru
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Mercury based HTSC: PRB(1997), PRL(1998), PRB(2001) (MSU + FLNP)

Rletveld refinement of HgBaZCuO4 12 structure O3 position is filled partially, n(O3) = 0.12
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Atomic structure is different in FM and AFM phases in
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B.A.CoMeHKOB 00bSICHSIET YCTPOICTBO KamMep
BBICOKOI'0 JABJICHUSI C HAKOBAJILHAMH

NL.I1. CaguxoB, A.M. Baxarypos, , J.M. Besson, Robert Von Dreele, Joél Mesot,
B.A. Comenkos, R. Von Dreele, C.M.Ctumos, B.I. Cumkun N.H. I'onuapenko, B.A. ComenkoB




Nurpockonus 1 ee BO3MOKHOCTH

Buabsl kKoHTpacra.:
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JAndppakuuoHHbII
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Bxoanoi kouTpoibs TBC peakropa UP-8

Mupoyrnepop
HU3KOMW NJSIOTHOCTU
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lNMupoyrnepop SiC-3C
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TOYHOCTHIO 220.




Pa3eutue nae B.A.ComenkoBa na UbP-2: /1H-6, HPT

DAC

Diffractometer DN-6 for studies of
microsamples at high pressure

Sample volume:
0.01-0.05 mm3

« Intensity gain: 12 times
(compared to DN-12)

* Pressure range: 30-50 GPa

* Temperature range: 4— 300 K

Spectrometer for
neutron radiography
and tomography

!

CCD-camera Beam dump

based detector
Sample position
Shutter Vacuumed collimator

Variable aperture collimators

_ X-ray filter
Active zone  \/acuumed tube
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dyona, 1999. ®opcaiit, Harkanen, ComeHnkon Jyona, 2005. Jleeun, Huxkutun, ?, CoMmeHKOB




Jlo3yHrn momeHTa

. MaTnneTtKky B 4 roaal!

. Kappbl pewaroT Bce, YTO MOryT peLinTb!!

. MocTpOMM KOMMYHU3M Ha OTAENbHO B3SITOM
peakTope K 80-my rogy!!!

. HenTpoHb!l MOryT BCce, HO BMecCTe C

CWU n y-uHTpockonuen MHoro oonbLie, 4yem Bce!!!!

. Hawa npyuHUUNMNarsribHadA Nno3nUunAd — yBaxaTtb




Kuuru ctuxos Buktopa COMeHKOBa — 3TO NOMbITKa OCMbICAUTL U BblPa3uTb B
nosTMyecko ¢opme 4YyBCTBA, MbICAM U HACTPOeHUA OO6bIKHOBEHHOro
YyenoBeKa, Bbi3BaHHble cObbITUAMMU BbICTpOTEKYLLEro BpemeHu. ObpalleHbl K
NI0AAM CXOAHOM cyabbbl, K NI0AAM YXOAALLErO NOKONEHUA.
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51 HMKOTZIa He BepHA B HAOAOB,
Hu B «Bora uer», uu B «C namu Bor»,

Ax, Bora uer, Tak Hazgo BbIZYMATD,
Ax, «Gott mit uns», Tak «Héande hoch».

51 Hukorza He BepUA B KPaHHOCTH,

Hu B « Toabko si», Hu B « ToAbKO MbI»,
AX, TOABKO ThbI — cebe U KAaHsHCS,
Bobl — roaosbi 6€3 roAoBbl.

Hu renus, uu uauora

Hu B koM moka He pasrasizieA.
Bouza, semast uau ... 60r0TO.

Hey:xto B Hem Bogopaszaer?

Hepabubaesud ipuguaiici cegimod

RSO T

ISBN 978-5-4397-0002-8

o Bapyr pasaurace pexa Monrounas,

. pusux.’ aom'hép.puauxwmmwamu ecKix Nﬂy# $" U ropoz Bech Bozo# MOKPBIACS...
* npogeccop, Bmmyxauwm.mmnuna D, e
'ﬂfaypcm I’ocyaapcrneeuﬂou npe.a_f,m c

oo S

He cniaau xtoan auem u Houbto,
A s poguacs.

785439"700028

CHHC!\O He60 HaJ, KalITaHaMH,

KTO IMMAAKaA, KTO-TO BECEAHACH,

Jokk [Ipoucxoauan Bewu crpannbie,
A s poauacs.
M Toabko Korjaa HorpeﬁaJILHLIe APOTH Caeun orapouex Bo Thme
o Croperb, He ToporMAacs,
Ha‘IHyT IMPpOMHUHATH HHACBCHOIUHA HACT, Oreg Torza cuzier B TiopbMe,
Ioiimewb, 4YTO He MBI BEIOMpPaeM A0pOru A—

Jloporu Jio:xxarcs mojx Hac.




I'aimaa MaTtBeeBHa MupoHoBa, 14.06.1944 - 26.12.2022

NanunHa MaTBeeBHa MupoHoBa
Hay4HbIA COTPYAHUK

< MI'Y umenu M.B.JIlomoHOoCOBa

<+ rpynna ®@IU, unxkeHep

<+ JIH® OUSIU, MHC, HC, MHIKEHEP

<+ KuHeTHKa ruaparanuu neMeHra

« Peaknuu npu cunrese Y-123

< M30TONMHBIN 00MEH B JJUIIHIAX

1962 - 1969
1969 - 1972
1972 - 2022
1986
1990
1991

« ®dopmupoBanue ¢a3s B Bi(Pb)-Sr-Ca-Cu 1993

< Jderuaparauus rejeu

<+ JIndppaxromerp RTD

2001
2016

Mo powder, DN-2 (IBR-2)
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OcHOBHBIE TEMBbI

In situ, Real-time

Indpaknna + MYPH

One-pulse mode

“I'maparanus TPeXKaJabIHEBOI0
amomuHara” KC OUSIU, 1986.

“Cunrtes Y-123” COXT, 1990.
“MeTacTa0ONJIBbHBIN Jie] BLICOKOTIO
nasjaenus VI IIncema B KIOTOD,

1991.

“Kuneruka € —> 0 (pa30B0ro
nepexoaa B TiD,,,” ®TT, 1991.

“H30oTonHBII 00MEH B JUIINIHBIX

memOpanax” Kpucraniorpadus,
1991.

“Phase transition in copper ferrite”
phys. stat. sol. (a), 1993.

“TOF neutron thermo-

diffractometry” Review, MSF, 1993.

Jdu¢paknus + MYPH,
OusINn P10-89-601, Iyona, 1989

IIpoexTBHAs reomerpus Ha IH-2,
1991

da3oBbie NpeBpalliCeHUs B
BiSrCaCu,0,, J. of Supercond.,
1993

Phase transition shifting in HTSC
by thermal shock, 3" French-
Russian Seminar, Grenoble, 1995.

Jleruaparamnusi ceT4aTbIx
noJmmMepos, 2005

“HeiitpoHorpagus B peajibHOM
BPEMEHHU HA UMITYJIbCHOM
peaktope UBP-2”, CoolO1enust
Ousin, P13-88-326, /lyona, 1988

“Peasm3anus MPOIAOJIKUTEIbHBIX
HeNnpepbIBHBIX H3MepeHuii B
pexxume oxHoro umnyJibca UP-2
¢ ucnosab3oBanuem USB
untepgeiica” PHUKC, 2008.

“CucremMa HenpepbIBHOM 3aNUCH
MOTOKA JAHHBIX Ha IyYKe
UMIyJbCHOro peakropa UbP-2
NP PerucTPaluy CeKTPOB OT
KaKI0r0 MMITYJIbCA MOIIHOCTH”

OMSIM, P13-2009-140, Ty6ua,
2000.




DN-2 diffractometer at the 6 A beam-line

23,750 VIME control and operative
visualization/analysis
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One-Coordinate ,-"I
Position-Sensitive Detector | Mechanical Part with

Goniometer a Moveable Arm

Two-Coordinate
Fosition-Sensitive Detector

HcxonHas 3a1a4a: CTPYKTYPHbIN AHAJIU3 O0MOJIOTHYECKUX 00bEKTOB

HoBble 3agaun: cernerodaekTpukn (CaBeHko), cynepnonnku (beckpoBHbIH),

Junuanbie memopanbl (Fopaenmnii), cMemannbie Kpuctasabl (Canraa),

In situ — real-time anaau3 HeoOpaTUMbIX mpoueccoB (MupoHoBa)




I'pynna /IH-2 (konen 1970-x rogos)
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b.H.Cagenko, A.U.beckpoBublii, M./li1ioyra, A.M.baaarypos, .M.MupoHoBa
Hoabma: 51./lomociiaBeckuit Pymbinus: E.bopka, 3.1'eopruy, H.Ilona
Kopesi: XBan Yan I'en Boernam: Hryen Ban Boionr, Jle Txu Kar ToloHT

Yexusa: 3.Mpak, C.Bpatuciaas Mounrous: /[.Canraa

Poccusi: E.Il.Ko3soBa, C.Jl.ILl1artonos, B.I .CumkuH, B.b.3;10xa308, B.1O.[TomskymmH

CorpynaunuectBo: UDPTT (Yepnorososka), UK PAH (Mocksa), MXTHU (Mocksa)




HeoOpaTtumbiii npounecc: A~ A _[1 - exp(-t/7)].

(T - XapakTepHoe BpeMsi mpoiecca)
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OCHOBHOE VCJIOBHE: ts <7

pa3penieHne Mo BpeMeHHU

A OJIZKHO ObITh MHOI'0 MEHbIIIE

XapaKTePHOI0 BpeMeHHU Mmpoluecca

IIponecchl:

1.

2.
3.
4

Solid state chemical reaction
Isotope exchange

Structural phase transitions
Etc.

At = ts — pa3peuieHue 1o BpeMeHu

t.=1s—10 min, i.e.
7~10s—1 hour




High-intensity diffraction at advanced neutron sources

Steady state reactors:
ILL (Grenoble) D20, t.~0.5sec—-5min

PSI (Switzerland) HRPT, t.~1-5min

Spallation neutron sources:
1SIS (UK), Polaris, t,~5min, GEM, t.~1-5min
SNS (USA), VULCAN, t;~0.5-5min
LANSCE (USA), HIPD, t.~1-5min
J-PARC (Japan), HITD, t.~1-5min
ESS (Sweden), SPD, t,~ 0.3 msec—0.5 sec—5 min




Muponona u ap.. Heooparumsie npoueccol Ha JIH-2 B (1980-90)-¢

1. Reaction between D,O and Ca,Al,Oq (t, = 10 sec), 1986

2. Kinetics of sorption (desorption) of H,O & D,O by lipid multilayer (t,= 10 sec), 1989
3. Kinetics of water exchange H,0O < D,O in lipid multilayer (t, = 2 sec), 1989

4. Synthesis of YBa,Cu,0O, from Y,O,, BaCO; and CuO (t, = 5 min), 1989

5. Effect of hydrogen on YBa,Cu,0, (t, =5 min), 1990

6. Phase transitions in Ti — D system (t, = 2 min), 1991

7. Phase transitions of high-pressure metastable ice V111 (t, =5 min), 1991

8. Structural phase transition in copper ferrites, CuLi,,V,,Fe, sO, (t, = 80 sec), 1993

9. Phase transformations in BiSrCaCu,O, (t, =5 min), 1993

Reviews:

“Neutron diffraction in real-time mode" Crystallography Reports, 1991
“The application of the neutron TOF technique for real-time diffraction studies” J. Appl. Cryst., 1991

""Phase transformations in materials studied by TOF neutron thermo-diffractometry' MS Forum, 1993




Intensity of diffraction lines

Formation of YBa,Cu,;O, through a solid-state reaction of
Y,0,, BaCO,; and CuO in air

(001)

Time, min/5

{Y,0;+BaCO; + CuO} =
={Y,BaCuO; + Y,Cu,0O; + BaCuO,} =
= YBa,Cu;0,

20°C < T <940°C, t, =5 min

COXT (CBepxmpoBoauMocTts), 1990
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IL:J

H,O < D,0O exchange in dipalmitoylphosphatidylcholine (DPPC)
multilayer lipid membrane (t, = 2 sec) (exponential law)

00 |-

300
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100 +

100 200 t,sec

105 sec

M!M! ! d

H,0 <~ D,O

Wate

L]
| |

60 80

Intensity as a function of time

In(F(t) - F,) = InC — t/t — linear function

F(t) = F, + C-e¥" or F(t) = F_-(1 - C-e¥") //

100 120 140 160 180 Tsec

y = In|F(t) - F,| for H,0—D,O and
D,0—H,0. Characteristic times are
equal to 92 s and 71 s, correspondingly

Kpucramnorpagus, 1991




Phase transformations of high pressure heavy ice VII|I

BwMmecrte ¢: O.U. bapkagos, A.U. Kosnecaukos, B.K. ®enoros, B.B. CuHuIbIH,

E.I'. [loustoBckuit, UPTT, YepHorosoBka

hda + Ida
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Temperature range: (94 — 275) K AT/At = 1 K/min t.=5min
Phase VIII is transformed into high and low density amorphous phases hda + Ida,
then into cubic phase Ic, and then into hexagonal ice Ih.

IIucema B dKDT®D, 1991




Tpancopmanuu B BiSrCaCu,O,:

Diffraction intensity

3akaJika, Harpes (700°C), minaBiaenue (900°C), oxJyaxxaenue.

IlepBoe nuppaxuus + MYPH ucciaenoBanue (1988), t.=5 mum.
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Bmecre ¢: G.Aldica, N.Popa, A.Stoica, M.Stoica
“Time-resolved neutron diffraction study of the
superconducting phase formation process in the Bi(Pb)-
Sr-Ca-Cu-0 system” J. of Superconductivity, 1993.
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A real-time neutron diffraction study of phase transitions in
the Ti-D system after high-pressure treatment

Together with: A.l. Kolesnikov, 1.0. Bashkin, V.K. Fedotov, V.Yu. Malyshev
and E.G.Ponyatovsky, ISSPh, Chernogolovka.

Diffraction O
20 = 161°

Heating from 480 to 760 K followed by cooling to 515 K
AT/At =1 K/min t, =2 min

J. Phys.: Condens. Matter, 1993




Mona ogHoro umnyJabca Ha TOF-qudpaxkromerpe

1E+003 3
1E+002—;
1E+001 —
1E+OOO—;

1E-001

Temporal resolution, sec

1E-002

1E-003+

Steady-state
source

One pulse
limit
Pulsed
source
-ca?-l.grfI”'”] . e ——rree
1E+006 1E+007 1E+008 1E+009

Luminosity of a diffractometer, a.u.

I'M.MuponoBa, OUSU, P13-88-326, 1988.
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Monaa ognoro nmnyJjabca Ha TOF-qudpaxkromerpe

L () = [PV, jA* 1 (V72 sin? G)]|F, | (@7 4x)[n/ 5]

D(L) = 2D, - (A1 2%)-exp(=A2 | 22)

Mo powder, DN-2 (IBR-2)
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Real-Time-Diffractometer (RTD)

(onoBas 3aimuTa

Background shielding S AN S

BaC k-_scatte rn g (KOOplIHHaTHBIﬂ TO3UIHOHHO-Y) mu Itl -rin g d eteCto r
- Mmu Itl -rin g detecto r 2d position sensitive detector

=

Biological

IBR-2: shielding Cwmp Shutter 90 multi-element
active core s e 3He detector
moderator Neutron

_____________ guide tube

s
TP
N

Background )

B | e
BRETPEEAe S | chopper 6A, GB beam
splitte

2D PSD
on rotating arm

Central table,
sample position

AM. Bbaaarypos, A.U. BeckpoBHbIii,
B.B. Kypasiues, .M. MupoHosBa,

HN.A. boopukos, /I. Heo, C.I. IlleBepes,
IloBepxHocTh, 5 (2016) 3-16.

Ring-shape, back-scattering
Dpin = 150 mm, D, = 450 mm

2D PSD, 32x32 wires, 2X2 mm




Calcium oxalate monohydrate thermal decomposition, t, = 1 min

t, min

Ca(C0OO0),-H,0 — Ca(COO0), + H,O (T, = 183°C)
Ca(C00), — CaCO, + CO (T, = 540°C)

v i 3 i R &
200 g — oA

Normalized neutron counts

20°C
CaC,0,H,0
183°C
CaC,0,
540°C
CaCo,
700°C
5.0




Hexkortopsie padorsl . M.MuponoBou

Kpucranaorpadus, 1977 “Onpenenenrie CTpyKTypHBIX (DAKTOPOB B HEUTPOHOTpApUU MO METOLy BpEMEHH mposieTa”
Acta Cryst., 1979 “Use of the neutron TOF technique for structure investigation”

Kpartkue coodomenuss OUSAN, 1986 “N3yueHrne KHNHETUKH PEAKIIMU TUAPATAIIUN TPEXKATIBLUEBOTO allOMUHATa
METOIOM AUDPAKIIUA HEUTPOHOB”’

IMucsma B JKITD, 1989 "Hcnons3oBanue nzoromna °'Fe i HEWTpoHOrpahHUECKOM JTOKAIN3aI[MH aTOMOB KeJle3a B
CTpyKType cBepxnposonnuka Y Bay(Cu, ,Fe,);0,"

Physica C, 1989 “Neutron diffraction study of the superconductor YBa,(Cu, ,Fe,);0., at x=0.06 and 0.10, y=0"
COXT, 1990 "HeittpoHorpaduueckoe uccieaoBaHue npoiecca cuare3a kepamuku Y Ba,Cu;0,”

®TT, 1991 "Heiirpororpaduieckoe HabIOnEeHIE KUHETHKU £—>0 (hasoBoro nepexona B TiDg 4,”

J. Appl. Cryst., 1991 “The application of the neutron TOF technique for real-time diffraction studies”

IMucoma B ZAKITD, 1991 "Heitrponorpadguueckoe rccienoBanue GazoBbIX MPEBpaAIICHHI METaCTaOUIBFHOTO JIb/a
BeIcOKOTO nasieHus VIIIY

MSF, 1993 “Time-resolved diffraction and small angle neutron scattering study of thermal behavior of YBa,Cu,;0,_,
compound over a temperature range 900 — 1470 K”

J. of Superconductivity, 1993 “Time-resolved neutron diffraction study of the superconducting phase formation
process in the Bi(Pb)-Sr-Ca-Cu-O system”

IoBepxHocTsb, 2016 “IludpakTomMeTp 11l HCCIENOBAaHUM EPEXOJHBIX MPOLECCOB B PEaJIbHOM BPEMEHH Ha
VMITYJIbCHOM UCTOYHUKE HEUTPOHOB MBbP-2”
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PANS-1, 1991. C I'bayspom

Hyona, 1982. C X.®dycom

PHUKC, 1995. FO.Anekcanapos, I.MupoHoBa, Jy6ua, 1992. B.Kynpsimes (IIUSI®), A.Banarypos,

A.Banarypos, I'bokyuasa, JI.Illentsikos, B.CapeHko O.Antcon (Icnoo), [.Muponosa, B.I'opaemnnii




Ha pa0doyem mecTe HaBeIeH NOPSAOK




Y10 00111€TO:

JI10003HATEJIbHOCTH (IOBBILIIEHHAS)
Cy0ObeKTHBHOCTH (B Pa3HOM CTENEHM)
Xyno0:keCTBEHHOE BOOOpaxkeHue + Tpe3Bblil (“pusnueckuin”’) ym

Jocroiinbl 3Banus “IloyeTHbin coTpyiHuK JIH® umenu U.M.Dpanka”

I 1aBHAs1 TEHACHIIUSI B 1EATEJIbHOCTH .

IIpaBuio 2 (White-Egelstaff): HeliTpoHHbIii JkcIeprMeHT He cJIeayeT

IIPOBOAUTDL, €CJIN €CTh aJIbTepHaTI/IBHI)Iﬁ MeTOI[!

HoBas Bepcusi: HEMHTPOHHBINA IKCIIEPUMEHT CJIeyeT MPOBOANTD, a%kKe eCJAn

eCTh AJIbTePHATUBHbINA MeTOx !




Cnacmn6o 3a BHMMaHMe,
BCeM >KeJIal0 yCIIexXoB B HeJIETKOW, HO
OY€Hb MHTEPEeCHOM >KM3HV HAYYHOTIO

paboTHMKA!




