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Abstract: New hybrid magnetic materials based on HDPE filled with Co and Ni nanoparticles have been prepared via the
metal vapor synthesis. Properties of the metal-polymer composites have been elucidated as a function of MVS parameters and
metal nature. The Faraday method has been applied to characterize the magnetic properties of the systems. The microstructure
of the samples has been studied with a number of X-ray and synchrotron techniques, including XRD, EXAFS and SAXS.
Core-level and valence band spectra were measured by XPS. The peak at binding energy of 282.8 eV characteristic of C-Ni
bond was recorded in the C 1s spectrum. It was shown that properties of nanocomposite materials with similar compositions
are determined both by the synthesis conditions and post-synthesis factors.
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Table 1. Preparation conditions for metal-HDPE
composites

a — stirring of suspensions with a magnetic stirrer (MS)



@ Universe
Scientific Publishing

under ultrasonication (US); b — in all cases the organic reagent

is toluene
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Figure 1. Scheme.
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Figure 2. Thermomagnetic curves for Ni—-HDPE
composites.

1 — initial sample 1.4% Ni—-HDPE; 2 — initial sample
4.3% Ni—-HDPE.

l'and 2' — after annealing at 430 K and 420 K,
respectively.
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Figure 3. Thermomagnetic curves for selected Co-HDPE
composites.

1- initial sample 3.5% Co—HDPE; 1’ - after annealing
at 470 K; 2 — initial sample 4.6% Co—HDPE; 2' and 2'- after
annealing at 530 K and 585 K, respectively; 3 — sample 2.5%
C o —polyethylene maintained at a cryogenic temperature.
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Figure 4. TGA Curves for HDPE initial (1) and with 3.5
(2), 12.7 (3), and 20 wt.% of Co at a heating rate of 5 C /min

in air.
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Figure 5. Results of structural characterization of a
representative Co-HDPE composite.

MR S5 R R PR 45 R AN 5 7R . EXAFS Al
XANES ##i5&M Co J&TEAEMY) - &J8IEA M
PPk, XATBEREIRE Co 4K PR HA Fae 78 A AL Py ok
AW - mALPANE NI A EAZ - Fediil . 22 XRD Al
SAXS 77, B AR RN 3 - 5 nm,

Ni 4.3 wt.%-HDPE & G886 (18 2, FEah 2) B0
2R SR IS R A B B BRI, X PR
EARREMERI A B A T E AR R SRR 2R
R RS, il T DB (WK ) 881 1) HDPE # K
BORURE S, W FTIR U A, 7 B s 23 R,
H XPS X§ 153 2 Ni-HDPE {& R4 7A58, HTF ASF 1)
XPS ﬁi%ﬁ%@] Css.500,=Nipy zﬂmc

& 6 W7~ T Ni-HDPE & & # B9 Ni 2p 1 0 1s )t
HL 1% . Ni 2p DI i A BERE SR T AL A A
F% Ni 2py, Hl Ni2p,, IEFILE G RE N 856.7 Fl 874.4 €V,
AR () T AL 04y 862.3 i1 830.8 eV, O 1s YeifE 531.4
eV b F Mt — A vE0E, AT LIS 531.0. 532.3 15333
eV A = AN LG, ST R 2.14 eV, AHX IR
JEHh 46: 49: 5, 531.0 eV &b IEAC R EE S A AN,
117 532.5 F1533.3 eV AAYIEILER O-C SEFIK . B iEEI%R
21O 2 g A G L TG TE R A, R0 R TR I Y
ZEEHE (B), DRI (AE, = E(Ni 2p,, sat) — Ey(Ni 2p;y)
M AE, = Ey(Ni 2p,j, sat) = E,(Ni 2p,p)o F ek o 2 (AF,
= Ey(Ni 2py) = Ey(Ni 2py), Ni 2ps, F1 O 1s W2 [B] A fiEHE
X [ (AE, = E,(Ni 2psp) — E,(O 1s)), FATHE Ni 2p., JeiH
A Ni(OH), #H.,

856.7

JT

SBEE, arb &

T T T T T T T
890 880 870 860 850 535 530 525
LEBHE eV

Pl 6. Ni-HDPE & A& #1BH Ni 2p A1 O 1s J6rs ¥t .
Figure 6. The Ni 2p and O Is photoelectron spectra of
Ni-HDPE composite.
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Figure 7. The C 1s photoelectron spectrum of Ni-HDPE

composile.
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Table 2. XPS characteristics of Ni compounds: binding energies of different peaks (E,), satellite splitting (AE, ,), spin — orbit
splitting (AE;) and AE,= E,(Ni 2p;,) — E,(O 1s); all the energies are in eV

J=%N Ni2psy,  Ni2pspsat  AE,  Ni2p,, Ni2p,sat AE, AE, 0ls AE, TEAE O 1s =PI
853.6

NiO 860.7 7.1 529.2 [10]
855.4
853.9

NiO 860.6 6.7 529.4 [11]
855.5
854.1

NiO 861.6 7.5 529.6 [12]
856.0
854.1

NiO 861.2 7.1 529.9 [13]
856.0
854.4

NiO 860.9 6.5 530.0 [14]
856.2
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y-NiOOH

855.7 861.5 58 8732 879.8
Ni(OH),

855.9 861.7 58 8736 880.0
Ni/Si0,  855.9 861.5 5.6
B-Ni(OH),  856.2 861.8 56 8738 880.1
Ni(OH),  856.5 862.4 59 8741 880.6
Ni(OH),  856.7 862.3 56 8744 880.8
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Figure 8. C Is and valence band spectra of HDPE (1) and
Co-HDPE nanocomposite (2).
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