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Dispersion Characteristics of Magnetic Particle/Graphene Hybrid Based

on Dispersant and Electromagnetic Interference Shielding
Characteristics of Composites

Kyunbae Lee*, Junsik Lee*, Byung Mun Jung*, Sang Bok Lee*, Taechoon Kim*'

ABSTRACT: In this paper, magnetic FeCoNi particles have been grown through electroless plating on the surface of
graphene, and then this hybrid material has been dispersed by various surfactants to prepare films. The pyridine
surfactant shows the highest dispersability and low surface resistance value (351 Ohm/sq) and the electromagnetic
shielding ability at the frequency of 10 GHz. Specially, the evaporation of the pyridine during the drying process could
be able to form the internal conductive network and high dispersion of FeCoNi on the surface of graphene.
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2.1 FeCoNi embedded on graphene XN|=
FeCoNi embedded on graphene 30| E2|E AR5 A=
sk7] flsliA 1 flofl FAsl =ty fske] TSt

oF 2Hat A FAL WA 5 FeCoNi ALY F458
SnCl, solution

AN

Graphene solution

PdCl, solution

DA =239k

FAs] =& 1AL Fig. 13} o] tin(I)chloride (Sigma
Aldrich)E o]-g-3sfj4 2| FH Q| 7173} oF & palladium
(II)chloride (Samchun Chemical)g- ©]-85}o] 12| FEHO
A w4 Eae A7) 13 Pd Yl YAE FA 5
Sttt o] #4115 Sn/Pd/Graphene £ FeCoNi -7
off =ggof ghRlo] Yol =55 APt FHsf =a
29o] Ao =2 = jron(Il) sulfate heptahydrate (Junsei
Chemical), cobalt(Il) sulfate heptahydrate (Junsei Chemical),
nickel(Il) sulfate heptahydrate (Sigma Aldrich)&= Z+Z} Fe,
Co 18] 1L Nix 743 =53l7] flste] F7FE e,
sodium tartrate (Sigma Aldrich), sodium citrate(Sigma
Aldrich)= ZF31A| 2 0] ¢l t}. ammonium sulfate(Alfa
Aesar)= ® 3] &, phosphorous acid(Alfa Aesar)®} borane-
dimethylamine (DMAB, Alfa Aesar}= SFIA|Z A=A
(16,17]. =g-8-0] 247} Q2 Table 13} o] FH]s}¢]rt.

DS EEL pH 65, 2 75°C 7104 3087+ A%y

o, AA 5 5hF o Ay A=k

Table 1.Bath composition for electroless plating of FeCoNi
embedded on graphene composite

Chemical Weight Weight ratio

(8) (Wt%)
DMAB 15.32 11.65
Sodium tartrate 46.01 34.99
Sodium citrate 14.71 11.19
Phosphorous acid 4.90 3.73
Ammonium sulfate 26.43 20.10
Cobalt sulfate heptahydrate 15.22 11.57
Iron sulfate heptahydrate 2.53 1.92
Nickel sulfate heptahydrate 1.89 1.44
Sodium hydroxide 4.5 3.42
DI water 1000

‘M

Sensitization Activation Plating
Sn2 pd2* Fe-Ni-Co NP Graphene
e — do &2
s — ol

Fig. 1. Schematic representation of electroless plating of FeCoNi on graphene
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FeCoNi

TPU

Filter paper
oH

Fig. 2. FeCoNi embedded on graphene TPU composite film

2.2 FeCoNi embedded on Graphene 24 4l =&
Rz
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sulfate (SDS, Sigma Aldrich), Sodium dodecylbenzenesulfonates
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Aldrich)& ARg-sFITH EARES 5= 30 mg/mle] 8-
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HF-3300) ¥ & &l eHelsh3lal 2419 AA4/d= F7F
317] £J5te] XAl S1EEA (XRD, D/MAX-2500V, Rigaku)2-
Tkt B3 ZARIE S &k H8) EatE st
o|B g E AAE DI watero] 20u] 3|A5te] UV-vis 344
(NEOGEN OPTIZEN POP)E o] £3] QJul=] o 2 Bl 4 4]
o] FF =S SHsh= gl 525 nmz AT thE 103]
24510l B SYER A7) 12 FYS B

Eok BAb 42 A ge) AAjah Ao sa
29 A7) EAL v wEl7] 938l 4 point probe(Napson
Corporation, Cresbox) & o] &3l TSt A|H 9| Z}7] T} &
AR 108 Z4etol HAGS ALk BH AL 24
3} aL, network analyzer (VNA, Agilent N5230A)E ©]-8-3}
o] 8.2~12.4 GHz®] ¥ 99| A|d 55 5743t =2
A BT
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Fig. 3. XRD patterns of FeCoNi embedded on graphene
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Fig. 4. TEM image of FeCoNi embedded on graphene
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Fig. 5. UV-vis absorbance of dispersion stability
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Fig. 7. Sheet resistance of the electromagnetic interference
shielding composites

Fig. 6. FeCoNi embedded on Graphene solution (a) immediately after dispersion, (b) after 1 day, (c) after 4 days, (d) after 3 weeks
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Fig. 8. Frequency dependent electromagnetic interference
shielding effectiveness of the composites
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