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UccaeaoBanue mertonom MYPH
MArHUTHBIX 3JIACTOMEPOB CHHTE3MPOBAHHBIX B
MONePeYHOM U NMPOA0JIbHOM MATHUTHBIX IOJIAX

banamoro M.A.% 2, Jle6enes B.T.3, buka 1.4, Abpamuyk C.C.°,
Paiixep 10.J1.°
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Ilaan

1. Bsenenune

N

OOr1mag 3ajaaua

3. MaoyrioBoe paccesHrue HEMTPOHOB HA MarHUTHBIX
3J1aCTOMEPOB, CHUHTE3UPOBAHHBIX B MArHUTHBIM IOJIE,
MEPHECHIUKYISIPHOM ITUIOCKOCTH IUIEHKH.

4., MasoymioBo€ pacCcessHue HEUTPOHOB HAa MAarHUTHBIX
3J1aCTOMEPOB, CUHTE3UPOBAHHBIX B MArHUTHBIM I10JIE,
OPUEHTUPOBAHHOM MAPAJUIEIBbHO IMJIIOCKOCTH TUIEHKH.

5. MarnutHasie n3mepenus 1 n3oopaxenuss TEM MarHuTHBIX
3J1aCTOMEPOB.

6. BrIBOIEI



=
o
=
o,
]
=
O
=
=
2
<
=
@)
4’
—
S
(Q\
o
o
‘"
=
7
o
—
%
N~
(Q\|

A
T
dler g

)

-
o
™
=)

1. BBeanenue




_“\-‘_,. ® - "‘
(pHCH I C,
QN 2014/

T i

27-31 okts0ps 2014, Craperii [leteprod Crami>




27-31 oxts0ps 2014, Crapsiit Ilereprog o

2. O0mn1ag 3axaua

OrnpeneiicHue KOPPEIaun MExK Iy
MaKpPOCKOIIMYECKMMH CBOUCTBAMHU U
MHUKPOCTPYKTYPHBIMU
M3MECHECHUSIMMU.
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Small angle scattering method application

SANS
Source _IE- Sample
1300 N EF — dz
800 | 9 ] _ — 2\/ 2
£ | e Q=N (PQ)SQ

o | ! :
N MC{ f\%’ 1 O=(4x/2)sin(8/2)
200 —;’ M — P(QO) = <‘F(@)‘2>

o | ]

0 - IE'.I:IEI | IE'EI-II | II:I.EIEI | IU.I:IE. | S(@):<ZEKPF§(EG—Eﬂ)>
a.f

dX(Q)d2 (em™)
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Magnetic elastomer preparation

Composition

Composed from (in mass. %):

0 60%-70% silicone rubber (SR) (RTV 3325PC-Bluestar

Silicones SAS);

O 1% silicone oil (SO), Merk type, with viscosity of ~200 mP and density of
~ 1040 kg . m-3 ;

0 5% catalyst (C), 60R (Rhone-Poulenc) type;

O 34%-24% Fe,O, ferrofluid based on transformer oil.

Preparation

o a mixture composed of SR and SO is homogenized for 600s with the Silent Crusher apparatus
(Heidolph Instruments GmbH and CoKG) at 5000 rpm;

o at the chamber temperature the ferrofluid is introduced into the mixture and is homogenized for
120 s;

o the catalyst (C) is introduced and the homogenization continues for 60 s, at 6000 rpm.

Polymerization

» B=0.0T; B=28 mT; B=56 mT; B=112 mT

(polymerization in a magnetic field transversal to the sample surface);

» B=0.0T; B=110mT; B=550mT; B=1100mT; B=2200mT; B=4400mT
(polymerization in a magnetic field parallel to the sample surface)

|.  Bica, Mater. Lett. 63, 2230 (2009)  D. Bica, RO Patent 90078 (1985)
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Small angle neutron scattering in magnetic
synthetized in magnetic field
surface
Ne of Concentration Concentration Field Field
sample Fe;O0,, C, mass Fe;O,4, o, vol. induction, orientation
% % B, 10-3 Tesla

= = 0 -
P, 5.88 115 0 E
Pys 5.88 115 28 Orthogonal
Pis 5.88 1.15 56 Orthogonal
Pis 5.88 1.15 112 Orthogonal
Ne of Concentration Concentration Field Field
sample Fe;O,, C, mass |Fe;O,, ¢, vol. |induction, orientation

% % B, 10-3 Tesla

P,, 3.9 0.75 0 -
P25 3.9 0.75 28 Orthogonal
P,s 3.9 0.75 56 Or"l'hogonal
Pos 3.9 0.75 112 Orthogonal
Ne of | Concentration | Concentration Field induction, Field
sample |Fe;0,, C, Fe;O4, ¢, vol. |B, 10-3 Tesla orientation

mass % %
P., 1.27 0.24 0 -
Pas 1.27 0.24 28 Orthogonal
Pas 1.27 0.24 56 Orthogonal
P 1.27 0.24 112 Orthogonal

' \' NP IFI'J{HH w
- \) .

elastomers,

oriented transversal to the sample

Q =
g=(471r/A)sin(0/2)
= 0.03-0.8 nm-
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Q = g=(4m/A)sin(6/2) = 0.03-0.8 nm-!
SANS ps=6.3 108 cm=
oy =6.971 1019 cm=2.
5.88% 3.9% 1.27%
I(q), arb.un. I(q), arb.un. I(g), arb.un.
1 ~

0,1 H |

0,01 O

1E-3 =

1E-4 | | | I 1E_Z:O 00 02 0(:14’ nror,]e_1 0,8

00 0,2 04 0,6 10,8
g, nm
M. Balasoiu, V.T.Lebedev, D.N.Orlova, I.Bica, Crystallography Reports 56(7)(2011) 93-96
M. Balasoiu, V.T. Lebedev, D.N. Orlova, I. Bica and Yu.L.Raikher, Journal of Physics: Conference Series

351(1) (2012) 012014(9)
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o l(g) = laexp[—gRs) " /3]+ Ta[ 1 + (gre)] [1+msin(gL)/(gL)]

o |
(2)
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Parameters of functions (1), (2) for matrix and ferroelastomers.

Sample B, 3 R;. I,x10°, R, 1, n L,
N Gauss  arpun. nm arb.un. nm nm
P, 0 0487=0.002 393=0.1 4590 =60 6.37+0.04 =

Py 0 0.249=0.001 38.1=0.1 617=3 233001 1.21+0.01 15.6=0.1
Py3 280 0.273=0.001 38.8=0.1 5635 2.35£0.01 1.30+0.02 15.4=0.1
Py 560 0.436=0.001 39.2=0.1 895=5 243001 1.26%0.01 159=0.1
Pis 1120 0.363=0.002 38.8=0.1 762=8 2.35£0.02 1.27£0.02 15.5£0.1

Py 0 0490=0.002 39.0=0.1 1160=19 342+0.03 1.30+0.03 15.7£0.1
Py 280 0.448=0.001 38.9=0.1 10077 3.21+0.01 1.32+0.02 15.6=0.1
Py 560 0.399=0.001 38.6=0.1 985+10 3.19+£0.02 1.33x0.02 15.6=0.1
Pys 1120 0.603=0.001 39.9=0.1 1406=11 3.71£0.02 1.22+0.01 16.2=0.1

| %5) 0 0353=0.002 39.6=0.1 1993=32  495x0.04 0.76=0.02 18.4=0.2
P;; 280 0422=0.001 394=0.1 214624 477£0.02 0.78+0.01 17.6=0.1
Pss 1120 0.440=0.001 40.0=0.1  2242=26  4.94=0.03 0.74=0.01 17.8=0.1




. -
CIFIN-HH ®

(puCH
& 2014/
P1, P12-P15 S(©)=(> expiO(R, -R,)
— |2 a 7
P(Q) = <‘F ©) > P12-P15
Logl 5
/ o O p—— (‘\ , !
fﬁkj.ﬁ_b /‘(/\&h/" % 5
D Q‘%‘ I
0.3 L0 15 Q, nm*
1 2 2 2 9.4
P(0)=A[® [Qa\ll+x (v —1)}dx+B I
- 9.2
0 g
QO is the modulus of the scattering vector; _g 9'0-_
A is the value of P(Q) for 0=0; ; ‘B =
D30 -reos) & AY £ oo
T £ 56mT
B is the background: g 82
28mT
a=10.61+0.07nm N
£ 7.8
y=0.30+0.002 R I I T B I I

Particle mass concentration %
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M. Balasoiu, L.A. Loginova, L. Almasy, I. Bica, Yu.L. Raikher, “On the magnetic structure of polydimetylsiloxane based
elastomers polymerized with Fe;O, ferrofluid”, MISM (2014) 418
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FITTER Program
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[‘E]Fitter | = | Bl P9 |
File Model Options View Run Help
1000
"'--'..-_.
'..M-w?" / —
100
10

K] 0.3

|ﬂtler —sans e2 -r-R 0.8:2.5 —-rc-read --rc-write PVERT12.dat

-
m Fitter E@g
File Model Options View Run Help
o0op
100p
.'--.-
10f ~..
“~,
i
o1 0.3 1
fitter —-sans e2 -1 -R 0.1:0.7 —rc-read --rc-write PVERT12.dat

Biaxial ellipsoid model:

Axis/2=(4.49 0.01)nm
e=(0.50 0.0009)

Biaxial ellipsoid model:

Axis/2=(27.15 0.11)nm
e=(0.227 0.001)
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FITTER Program

E] Fitter | = | = £ |

File Model Options View Run Help

Magnetic form factor

» Triaxial ellipsoid model with

o half axes:
. a=(3.49 0.01)nm
"“""""-":-'-":-:,;-,_.__‘ b=(5.96 0.07)nm
o c=(5.24 0.03)nm

0.1 0.3 1
[ftter —san§/e3 r-R 0.8:2.6 —rc-read —rc-write DATAMAG .dat
& VA

/ Long range magnetic correlations




Small angle neutron scattering in magnetic elastomers,
synthetized in magnetic field oriented parallel to the

sample
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surface

Magnetic elastomer samples B1-B4 polymerized in parallel to surface
magnetic field orientation.

Sample |Part conc. Part. conc. Field Field
Fe;0,, Fe;0,, induction orientation
% mass. % vol. B, 103
Tesla
B, - - 0 -
B, 1.64 0.31 0) parallel
B, 1.64 0.31 37.7 parallel
B, 1.64 0.31 113.1 parallel
oo o @ @ @
®s® @ © P o ® o @ @ @ @ .
®*S® & ® © o g ® 0 ¢ 0 O A
B..:Q:O. o000 0 0
oo ® < @l @ 0 000
O ® o @
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Sample | Conc, Fe;O,, | Conc. Fe;O,, | Inductia
% masa. % vol. B, 103
Tesla
B, - - 0
B, 1.64 0.31 0
B, 1.64 0.31 37.7
B, 1.64 0.31 113.1

FLNP IFIN-HH *
s " o

B I::>
I(g), npousB. eq.
01}
0,01}

1E-3 |

1E-4 +

1E-5

Vertical orientation of the
sample
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| |:| 1£(@) = 1() - hy(@)

A —— (@) = loexpl-(qry)?/3]

“S—e
IIIIIII

Vertical

orientation of the —
Horizontal sample B

orientation of the
sample

I(q), npouns.. en.

I(q), npousB. en.
1E-3 © 1 1E-4 + o 1
e 2 o 2
A 3
1E-4
1E-5| 1E-5 |
1E-6 |
o2 0.4 q, Hm"! 06 B8 03 0.4 05 20:6 j 07
q-, HM
Sampl | Igy10°, g, NM Sample |Ig,10°, rg, NM
e ar'b.uniT. ar\b.uni*.
B, 18+17 26+20
B, 346161 |3.46+0.20 . 38 + 14 S/ S Ut
B, 167+32 [343+025 B, 19+ 10 3.69 + 0.56
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p(q) = I,(q)/I(q)

14 -
- No magnetic field during
polymerization:
the intensities ratio is

12} p (q) ~ 0.9 <1.
Magnetic field is applied,
the parameter

10t p(@>1
increases with decreasing
of momentum transfer.

018 1 1 1 |

0,0 0,1 0,2 0,3 1 0,4 -
q, HM

A change of the shape (anisotropy) of large polymer clusters, scattering at
small momenta transfer q < 0.4 nm- is detected.
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In the original matrix clusters extend along
a short side of the sample, in the samples
of magnetic elastomer synthesized in field,
these structures elongated along the long
side of the sample. R
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TEM

B4 (B=113.1 103 T)
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BriBoabI

1. ®deppouactuupbl manoro amametpa (~ 7 HM) B3aMMOAENCTBYIOT Mexay coboi yepes AUMosbHble
CWANbl, SHEPTUKN KOTOPbIX He NpeBocxogAT Tennosoro pakrtopa kT. Moatomy He HabarogaeTca cuabHoe
arpernpoBaHma ¢eppoyactuy. MpenmyliectBeHHO MMmeeT MmecTo obpasoBaHMe nap 4acTul,
KOppenupywwmx B MNPOCTPAHCTBE HA XapaKTepHbIX PacCTOAHMAX MacwTtaba AuameTpa
NONMMEpPHOro AoMeHa (MaKpoMoeKya, accoLMnaT U3 HECKOIbKUX Lenen).

2. Hannumne deppoyactmy, B cpege NOAMMEPU3YIOLWLErocad MOHOMEPA U BK/IKOYEHUE BHELUHEro rnoss
NPUBOAUT K CTPYKTYPHbIM WU3MEHEHUAM B MNOJAMMEpPHOM maTtpuue. Ecam camm no cebe
deppoyacTmLbl AEUCTBYIOT KaK pgedeKTbl, paspbixasalowme MaTpuuy, TO aHcambnb 4actuu,
OpPUEHTUPOBAHHbIE MoJieM, HaobopoT, cnocobeH ycunmBatb GAMMKHUU MONEKYNAPHDbIA NOPAJOK
(obpasoBaHMe KpyMHbIX KNACTEPOB N3 NOJIMMEPHbIX ZOMEHOB, BKAOYAOLWMNX heppoyvacTmLbl).

3. WUcxopgHaa nonauMmepHas mMmaTpuua yXKe ABAAETCA aHU3OTPOMHOMU (NO/IMMEpHble KnacTepbl TMNa
pa3BEeTB/IEHHbIX Lienen ABAATCA 6onee NPOTAXKEHHbIMW B HanpaBAeHMM, MOMNEepPeyYHOM MA0CKOCTH
nAeHKkn). MarHutHoe none, NPUIOKEHHOE B TOM XK€ MOoNepeyHoOM HamnpaBAeHUU, OEUCTBYET KakK
daKrTop, BbI3bIBAOWMIA B3aUMHOE NPUTAXKEHUEe U cbamxeHune ¢eppoyacTuy, BAONb IMHUWA NONA.
Tem cambim, NPOUCXOAUT BblAABAMBAHME MNO/IMMEPA U3 3a30POB MeXAy 4YacTULaMMu, W
aHU30TPONUA TMOJIMMEPHDbIX K/JACcTepPOB MeHseTcAa (pasmep Kaactepa B MIOCKOCTU  MJIEHKU
yBE€NMYMBAETCA, B MONEepPe4YHOM HanpaB/IEHUM — COKpaLLLaeTcs).
%k %k k

B utore npoBeAeHHbIX MUCCNeA0BaHMUI YCTAHOBAEHO, YTO MCMNO/b30BaHWE BapuaLMU KOHLEHTPaLUM
deppoyacTMy, U MaArHUTHOM WHAYKUUM BHELWHEro MnonA MO3BOMSET PeryaMpoBaTb CTPYKTYpY
NO/IMMEPHOM NOACUCTEMbI, BO3AENCTBOBATb HA MJIOTHOCTb YMAKOBKM MaKPOMOJIEKY/T U XapaKTep
aHWU30TPOMNUMN HAAMOIEKYNAPHOM CTPYKTYPbI 31aCTOMEpA.



gHCH 27-31 okts16ps 2014, Crapsrii [Teteprod @G> TP

'N© 2014/

bonbwoe cnacubo 3a BHUMaHuel



