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b 1 momo M. u ap. E14-2008-193
M rHMTH 4 cUCTeM JUld UCCJIEOB HUS H HOM TEpH JIOB M JIOYIJIOBBIM METOOM
p ccesdHMsd HEUTPOHOB H criekTpomerpe IOMO

H3mepenus ¢ MoMOIIbI0 M JIOYITIOBOTO P CCESHHS HETONAPU30B HHBIX HEUTPOHOB
(MYPH) moryT A Th YHCIIEHHYI0 HH(OPM LU0 O M THATHOH MHUKPOCTPYKTYpE, BEJIH-
YMHEe U MUKPOCTPYKTYpE M THUTHOH HHU30TPONMU H HOM TepH JioB. OmUc H HOB 4
M THUTH 4 yCT HOBK JUIs M JjoyrioBoro cnektpomerp KOMO. Ver HOBK BKJIIOY €T
2,5-Tn »7eKTpOM THHUT, CMOHTHPOB HHBIH H [BYXOCHOM I'OHHOMETPHYECKOM CTOJIE,
WCTOYHUK IHT HUSI, CHCTEMY OXJI XIEHH, OJIOK ynp BJCHUS H IEPCOH JIBHOM KOM-
npoTepe. OCHOBHBIMH 4€PT MU M THUTHOW CHCTEMBI SBIISIOTCS: OOJBIION 3 30p mnd
06p 300B (o 130 MM), BTOM TH3UPOB HHOE Bp IEHHE M THUT B FOPH3OHT JIbHOW
W BEPTHK JIbHOH IUIOCKOCTH M GOIBIIOE MPOCTP HCTBO JUIS iepX Temsd o6p 3uoB. Cu-
cteM p 3p 6ot H B corpymHuyectBe ¢ INCDIE ICPE-CA (Byx pecr) u CIPEC
SRL (Byx pecr). Ilpenct BieHbl NEpBblE 9KCIEPUMEHT JIbHBIE PE3YJbT Thl UCIONb-
308 HUS MYPH B M THUTHBIX XUIKOCTAX MU M THUTHBIX 3J1 CTOMEP X, MOJIyYEHHBIE
H cnekrpomerpe KOMO, 060pynoB HHOM HOBOW M THUTHOW CHCTEMOIA.

P 6or Bbmonnen B JI 6op Topum HelTpoHHOW ¢uzuku um. U. M. @p HK
OHusIN.

Coobuienrie OObeIMHEHHOTO HHCTUTYT SIIEPHBIX MccienoB Huid. yoH , 2008
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Magnetic System for Small-Angle Neutron Scattering Investigation
at YUMO Instrument of Nanomaterials

SANS measurements using unpolarized neutron beams are able to provide quanti-
tative information on the magnetic microstructure and the magnitude and microstruc-
ture of the magnetic anisotropy of nanomagnetic materials. Here we describe a new
magnetic system for SANS at YUMO spectrometer. The system includes 2.5 T
electromagnet established on a two-axes goniometric table, power supply, cooling
system, PC-based control equipment. Main features of magnetic system are: big
changeable gap for the samples (up to 130 mm size), computer controlled horizontal
and vertical rotation and sufficiently large space for the sample holders. The sys-
tem has been developed in cooperation with the INCDIE ICPE-CA (Bucharest) and
CIPEC SRL (Bucharest). First experimental results of SANS in ferrofluids and mag-
netic elastomers obtained at YUMO spectrometer equipped with the new magnetic
system are presented.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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INTRODUCTION

Neutron beams produced by different reactors are used for fundamental re-
search on the structure and dynamics of the matter. Research efforts seek a
better understanding of phase transitions, crystal structures, magnetic properties,
superconductors, quantum liquids, fundamental properties of new materials.

Neutron scattering facilities have unique state-of-the-art capabilities for in-
vestigating structures and excitations of solid state matter for research in solid
state physics, polymer science, and biology. The small-angle neutron diffrac-
tometer is widely used by colloid, polymer, biology scientists, scientists involved
in investigation of nanomaterials and nanocomposites.

The instrument YUMO (Fig. 1) is located on the beamline 4 of the high pulsed
IBR-2 reactor [1]. The useful wavelength range is 0.7 < MA < 8, the range of
momentum transfers is 0.007 < Q/A~! < 0.5. The time averaged neutron flux at
the sample is up to 4 - 107 cm~2s~1.

Fig. 1. YUMO SANS TOF spectrometer in function at IBR-2 reactor [1]: / — movable
reflector; 2 — moderator/cold moderator; 3 — chopper; 4 — first collimator; 5 — vacuum
tube; 6 — second collimator; 7 — liquid bath thermostat; 8, 9 — place for the elec-
tromagnet during SANS experiments on magnetic samples; /0, /11 — V, graphite, HoO
standards; /2 — circular detector of thermal neutrons; /3 — PSD circular detector of
thermal neutrons; /4 — detector of direct beam



A variety of auxiliary devices is necessary for studies of materials in special
environment conditions including low and high temperature, high pressure and
strong magnetic fields.

For the investigation of magnetic nanostructures as nanoparticles, ferrofluids,
magnetic gels and polymers, nanocarbon composites with magnetic properties, it
is highly necessary during the experiment to apply magnetic fields of different
intensity and orientation to the samples [2—11].

In the present paper a new magnetic system specially created for the YUMO
SANS instrument is presented. The first measurements of SANS on magnetic
elastomers and ferrofluids in applied magnetic field performed at YUMO diffrac-
tometer are given.

1. MAGNETIC SYSTEM AT YUMO SANS INSTRUMENT

The new magnetic system constructed for YUMO instrument is presen-
ted (Fig.2). The magnetic system components are: the electromagnet with the
goniometer, the power supply, computer for the automated command and control
of the system.

The system was developed and constructed by the INCDIE ICPE-CA (Bucha-
rest) in collaboration with CIPEC SRL (Bucharest).

The realization of the new position sensitive detector will permit the visual-
ization and investigation of the magnetic field induced anisotropy in the analyzed
sample.

Fig. 2. Magnetic system for YUMO SANS instrument



1.1. Technical Description. The electromagnet is a rigid system, made of
two coils, with distilled water cooling system and two magnetic poles. The pole
gap is variable, from 25 to 100 mm. On the both lateral parts of the electromagnet
there is one slit, 100 x 600 mm, for giving the possibility to introduce the neutron
flux. The whole electromagnetic system is sitting on one rotating system. There
are two rotating planes with a rotation liberty of £ 40° in the vertical plane and of
=+ 95° in the horizontal plane. The rotating devices are equipped with electrical
limiters, which stop the rotation motors. The motors are step-by-step motors.
The positioning accuracy for both rotation planes is 0.1°.

The assembly electromagnet and rotating system are placed on a mobile
support (translation).

The highest point of this support is adjustable, with = 30 mm, for having
the facility to the center of electromagnet in the neutron flux.

The electromagnet cooling system is a closed system, with distilled water.
The cooling of the water is made by a water chiller wit with a capacity of 5000 W.
The water flow is about 400 1/h.

The electromagnet is supplied by a DC source, with a current adjustment of
10 to 60 A DC. The adjustment accuracy is 0.7 % from the end of the scale. The
magnetic field intensity is 2.5 T.

The electromagnet, with the turning system, is fixed on the translation support
by means of some screws. The electromagnet can be picked up from the turning
system with a crane. For picking up the ensemble electromagnet and turning
system from the translation support, the electromagnet will be fixed to the turning
system by means of some screws, before picking up.

Motor

drive
% O
1 Motor drive

Magnet system | ?I‘%’@

PC
>
Power DC
supply source
and A
control ,’ _,/\
station @
— Water chiller
Sample system Thermostat LAUDA
S Water

Fig. 3. Block diagram of the whole magnetic system



The electrical connections and those for water are elastical, giving the moving
possibility to the electromagnet. These are very rapid connections.

The whole measuring and control system is connected with a PC. The soft-
ware is a friendly one, who gives a lot of facilities:

1. Measuring and control for the following parameters:

— value of the magnetic field; value of current in the coils; cooling water
temperature; water flow; electromagnet position in vertical plane; electromagnet
position in horizontal plane; turning limits in vertical plane; turning limits in
horizontal plane.

2. Alarms for outrunning of measuring values set points.

3. Curves diagrams for measuring values variations.

4. Historic of measuring values variations for a period of 30 days.

The technical drawings from Fig.3 present the block diagram of the whole
magnetic system.

2. FIRST MEASUREMENTS AND DATA ANALYSIS

2.1. Sample Preparation.

Magnetic Fluids. The sample was prepared at the Laboratory of Magnetic
Fluids, CFATR, Romanian Academy, Timisoara Division, Timisoara,
Romania [12, 13].

The sample is the magnetic fluid magnetite/oleic acid/d-benzene with vol-
ume fraction of magnetite of no more than ¢,, = 10%. The concentration of
magnetite is determined from the value of the saturation magnetization (maximal
magnetization of the sample) to be checked out before the standard measurements.
The value of the sample magnetization corresponding to ,, = 10% is 430 Gs
in the external magnetic field B > 1 T. Magnetic particles are produced by the
chemical condensation method as a result of the reaction:

FGCIQ . 4H20 + 2F€Clg . 6H20 + 8NH4OH — F€304 l +8NH4CI + QOHQO
(1
The particle size distribution is described by the lognormal law with the
maximally probable size Dy = 8+1 nm and natural logarithm mean squared
deviation S = 0.3. After the peptization, free surfactant (oleic acid), which is
not absorbed on the magnetite surface, is removed from the system by a special
chemical procedure. The ratio between contents of magnetite and surfactant in
the final sample is about 1:1 (Fig.4). Deuterated benzene is used as the carrier
to analyze nuclear and magnetic scattering from the sample with good precision.
The standard sample is highly stable (years) in closed containers and reproducible
from the point of view of the preparation procedure.



Fig. 4. TEM image of a magnetic fluid sample

Magnetic Elastomers. The studied samples, obtained at the Department
of Electricity and Magnetism, West University of Timisoara [14—16], are com-
posed of oil-based 7.7 % particle volume concentration Fe3O,4 ferrofluid with oleic
acid as surfactant, embedded in a polymer matrix formed from dimethylsiloxane,
dibutyltindilaurate benzyl silicate.

2.2. Theoretical Background and Experimental Results. During standard
measurements the sample in closed quarts cuvette is put under external magnetic
field (B > 1 T) so that the saturation magnetization in the sample takes place.
Then, the sample is irradiated by the thermal neutron beam followed by regis-
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Fig. 5. The 2-dimensional scattering patterns from magnetic sample in absence (a) and
presence (b) of external magnetic field. The separation of the nuclear and magnetic
scattering contribution for saturated sample is demonstrated



tering of neutrons scattered at small angles (< 0.1 rad) by the position sensitive
detector behind the sample. The 2-dimensional scattering pattern on the detector
has specific features determined by two contributions: nuclear and magnetic scat-
tering. To separate these contributions, two ways are used: (i) using nonpolarized
neutron beam, and (ii) polarized neutrons.

The first way is for the nonpolarized neutron beam. In this case for the
saturated sample the scattering intensity is

I(q,¢) = Fn2(q) + Far2(q) sin® o, 2)

where ¢ = (4n/A)sin(6/2) is the module of the scattering vector with neutron
wavelength, A, and scattering angle, 0; ¢ is the radial angle on the detector
from the zero-direction corresponding to direction of the strength of the applied
magnetic field; Fiy2(q) and Fy;z2(q) are the nuclear and magnetic scattering con-
tributions, respectively. The separation is made by averaging of the scattering
pattern for given g-value over radial angle ¢ around the vicinities of the direc-
tions parallel and perpendicular to the magnetic field (Fig.5). This procedure
transforms the 2-dimensional pattern to two 1-dimensional scattering curves:

I|| = <I(q7 (p)>t.0:0;7r = FN2 (Q)v (3&)

I =(I(q,¢)) p=r/2:37/2 = Fn2(q) + Frn2(q). (3b)
These equations are the base to obtain nuclear and magnetic scattering contribu-
tions.
If the applied magnetic field does not produce the saturation magnetization
in the sample the scattering intensity on the detector has the general form:

I(q,¢) = A(q) + B(q)sin® ¢, (4)

where A(q) and B(q) are functions corresponding to isotropic and anisotropic
contributions to the scattering. The B(q) function is determined purely by mag-
netic scattering of the partially oriented magnetic moments in the system. The
A(q) function is composed of isotropic nuclear scattering and isotropic part of
magnetic scattering. The separation of these functions is made by averaging of
the scattering pattern for given g-value over radial angle ¢ around the vicinities
of the directions parallel and perpendicular to the magnetic field (Fig.5). This
procedure transforms the 2-dimensional pattern to two 1-dimensional scattering
curves:

Iy = (g, 9))o=0:x = Alq), (5a)

I = (I(q,9))p=r/2:37 /2 = Alq) + B(q). (5b)

These equations are the base to obtain A(q) and B(g). Analysis of the magnetic

system based on changes in these functions with the strength of the applied

magnetic field is possible. The behavior of the standard sample with the change
of the applied magnetic field is known [17].



3. TESTING FIRST RESULTS AT YUMO DIFFRACTOMETER
WITH MAGNETIC FIELD

First measurements of SANS on magnetic elastomers and ferrofluids in ap-
plied magnetic field performed at YUMO diffractometer are presented [18]. Im-
ages (Fig.6, a—e) from the new position sensitive detector [19] were obtained.
The images present the summarizing experimental raw data for the wavelength of

b

Fig. 6. The 2-dimensional scattering patterns from magnetic elastomer with Fe304 particles
in magnetic field of 14 KOe (a), 10 KOe (b) and without magnetic field (c¢), and from
ferrofluid with FezO4 particles in magnetic field of 1 KOe (d) and without magnetic
field (e)



0.7-7 A (in the left part of pictures). The profile of the space data at horizontal
and vertical section is presented at the right side of the picture.

CONCLUSIONS

First experiments have demonstrated that the electromagnet together with
the position sensitive detector is suitable for SANS measurements at YUMO
instrument.

Further, a data analysis to transform the 2-dimensional pattern to 1-dimensio-
nal scattering curves as presented above in the formulae from (2) to (5) will be
performed. For this task a new SAS program with a 2-dimensional analysis must
be created.
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