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Effect of External Magnetic Field on Magnetic Properties and Electromagnetic
Shielding Performance of Ultrafine Nickel Particles

GONG Chun-Hong TIAN Jun-Tao WU Zhi-Shen ZHANG Zhi-Jun*
(Key Laboratory for Special Functional Materials, Ministry of Education, Henan University, Kaifeng 475004)

Abstract: Bulk quantity of ultrafine Ni particles was synthesized under stirring condition with or without an external
magnetic field in distilled water and ethylene glycol(EG), respectively. The products were analyzed by XRD, SEM,
TEM and Vibrating Sample Magnetometer (VSM). All products were characterized to be pure crystalline nickel with
a face-centered cubic(fee) structure. In water, the products are spiky-sphere particles, the length of the spikies could
be 300 nm while the average diameter of the spheres is ~400 nm, and in addition, the external magnetic field has
little effect on the morphologies. When the solvent is EG, the products are quasi-sphere particles and the diameter is
~400 nm and when an external magnetic field is applied, the products are short chain ones. As to the magnetic
properties, when compared to those of the products obtained from EG, the ultrafine nickel particles obtained from
distilled water exhibit higher saturation magnetization(M,) values and lower coercivity(H.) values. When an external
magnetic field is applied, M, values are decreased while H, values are increased no matter what solvent is used. The
above results mean that under stirring condition, both the external magnetic filed and the solvent have an effect on
the growth process of the nickel nanocrystals and thus affect the morphologies and the magnetic properties of the
products. Composites filled with ultrafine nickel particles obtained from distilled water were fabricated to evaluate
the electromagnetic interference shielding performance. The results show that at 130 MHz~1.5 GHz, the shielding
performance of the composites filled with nickel particles obtained in presence of an external magntic field is better

than that of the composites filled with nickel particles obtained in absence of an external magntic field.
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1.1 KA 5EF

A KA (NICL, - 6H,0) , 53 BT 46 5 7K A 3k
S (HN, - H0, W Bl 80wi%), 43 BT 4l ; & B (EG),
AyAT Al SR AR, M Al | Y ok R T R BR Ak A
R A PR Al AL NeoCryl B-728, RINMEIRER , /7
F & 65000, i == DSM 2 Al &4 ; CAB-381-20, BE IR
TIRAYEZR NG , 47 F 1t 70 000, 35 [ Eastman 2\ 7] $2
fit,

FAEALET  X-BF AT G (X Pert Pro MPD, fif ==
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HL UL 40 kV/40 mA ; £1 5525 i B8 8% | IF T80
AL (26) :40°~80° ; 4 FL 7~ . flU 5% (JEOL JSM-
5600LV , H 7% H F # 30 2 41 (JEOL Lid)), fin 3 i J&
20 kV); &S HL T BB (EOL JEM-2010, H A H, 5
PR AL (JEOL Lid)), M LT 200 kV ; 4% 2l A 5 #
5811 (Lake Shore 7300, 3 Lake Shore /A ),

1.2 BHEHINH &

KR AE 500 mL 9 = Sk h i AT, B

0.20 mol NiCl,-6H,0 7843 ¥ fif 7F 240 mlL 7% 18 7K 3%,
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EG ", TERIZLAHLASERE 0 254, A 20 mL
NaOH (N 1 mol - L) Al 70~80 mL ) H,N,-
H,O0 W, THIRGYAGE, ¥ i iy v wom #4 5)
70 CIHARIR LI 3~4 h, NiCl, 5 N,H, °T B W 7 &
T T R e BT A I [NG(NLHL) 2, 2406 T = 81 70 ¢
(R IR ZE B V8 TP N2 S A B ER AOK
THER N RG] ARG, 7E B E — B
0.5 T () NdFeB &4k, [ 45 5 38 1o 1 1 43 25 K
VR 4~5 WG K15 B 0 AN K T 40 CEAS
THE 24 h R HEAT — RGN G50 R RERAE , I b ids Y
RE RS 3 BOE QgD SRS DURRTESR I b T8 s
WS R T 7 R AUA B AN S 44 A5 2 (1 68 20 45 6
PLA,B,C,D #1474, W& 1,
1 FAKHTHIANERES

Table 1 Products obtained under different conditions

Product No. Solvent External magntic field
A Distilled water No
B Distilled water Yes
C Ethylene glycol No
D Ethylene glycol Yes
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Fig.1 XRD patterns of the samples A, B, C, and D
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Fig.2 SEM images of the samples A, B, C, and D. The insets are the corresponding TEM images of the four samples
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Fig.3 Magnetic hysteresis curves measured at room

temperature for the samples A, B, C, and D
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Table 2 Magnetic properties of the ultrafine Ni particles

obtained under different conditions

Sample No.  H,/(Oe) M./ (emu-g?) M,/ (emu-g’) M,/ M,
A 105.1 4209 6.79 0.16
B 136.9 344 6.55 0.19
c 139.5 26.4 4.48 0.17
D 165.5 18.4 3.82 021

Ll 35 7 AR [R5 790 4 2 b S g 3 %5 7= 4 M, 1B
RIS TEAK AR Z T Inw#EY AN InwE5 i 7= e M,
P9 34.4 F142.9 emu-g'; &R FRS ) N
Yy IG5 e) M, 535 18.4 A1 26.4 emu -
o AT DLR BUAE SN wE S 1 T A5 207 5 i M (T
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YA X B e A Ry 5 ot M 8 R B0 225 40 114 552 i L
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YK i 32 BT AR A ) S IR S 6 1 2 I AE L 3X
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— AT MR & VR G A (AR
13- 3] 1) URL S A PR REREAR ,  DATIT R ARG 17 6 20 7 40 1
M AE,

5 M AER RS S RSN IR S R R
PR A i SR04 2R e A5 21 00 88 A0 B R 1Y 1, R R R L
(MM )R E AR 5 IS Ky a3 X A AR fb B #I) Sun
PTG E — B, AR ER D U H,
B H T 1 105.1 Oe #2584 0437 56 T
) 136.9 Oe, 1MAHRNL A RIE LW 0.16 emu-g™ #2
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Fig.4 Shielding effectiveness (SE) of the resin-based

composites containing synthesized ultrafine Ni
particles without an external magnetic field (A)

or with an external magnetic field (B)
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Fig.5 SEM images of the cross section of the composites
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