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Microwave absorbing applications (1/4)
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Ma et al., 2013

SDS and SDBS were mixed with GO and 

Fe3O4 and high temperature reduced as 

RGO/Fe3O4 by flowing hydrogen and Ar.

For 2 mm thickness specimen, R.L. of RGO is 

only -10 dB; while R.L. of RGO/Fe3O4 is -

22.2 dB at 17.3 GHz



Microwave absorbing applications (2/4)
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Yeh et al., 2014

GNS/Fe3O4/SEBS composites were 

fabricated by heat reduction and chemical 

grafted methods.

3 mm thick heat reduced 20% GNS/Fe3O4

composites have -27.65 dB R.L. at 9.36 

GHz.



Microwave absorbing applications (3/4)
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Liu et al., 2018

CVD was used to fabricate EG/Fe/Fe3O4

composites.

EG/Fe/Fe3O4 achieved better R.L. than raw 

EG.

The 2.4 mm thick composite has R.L. of 

−41.6 dB at 7.8 GHz.



Microwave absorbing applications (4/4)
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HK Liu, 2017

HRGO was achieved by heat reduction 

method and complex permittivity is 

proportional to temperature.

With same weight fraction, ball milled 

FCl/RGO has better complex permittivity 

and R.L. than those of raw FCl/RGO.



Experimental procedures

1. Fabrication of HRGO

2. Fabrication of radar absorbing nanocomposites

3. Measurement of electromagnetic properties
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Fabrication of HRGO

1. 5-gram GO was placed into Lindberg
Blue/M UP-150 tube furnace

2. Apply vacuum, and keep nitrogen flow in
the furnace

3. Heat the GO at 1000℃ for 1 hr and cool
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Fabrication of radar absorbing nanocomposites
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Composition of nanocomposites
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Material

Type

HRGO Fe3O4 Epoxy

1、HRGO

1 wt% - 99 wt%

2 wt% - 98 wt%

3 wt% - 97 wt%

2、HRGO+Fe3O4

- 40 wt%

60 wt%

0.3 wt% 39.7 wt%

0.5 wt% 39.5 wt%

0.7 wt% 39.3 wt%

0.9 wt% 39.1 wt%



Measurement of electromagnetic properties

1. Using software Keysight Materials 
N1500A

2. Calibrate Port 1 and Port 2 on MMS

3. Calibrate using air and teflon

4. Measurement
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Coaxial waveguide MMS

Port 1 Port 2



1. Absorbing performance of HRGO/epoxy 
nanocomposites

2. Absorbing performance of HRGO/ Fe3O4 /epoxy 
nanocomposites

3. Microstructure analysis
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Results and discussion



1. Absorbing performance of HRGO/epoxy 
nanocomposites
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HRGO/epoxy複合材料之吸波效能模擬與分析(1/3)
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2. Microwave absorbing performance of HRGO/ 
Fe3O4/epoxy annocomposites
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HRGO/Fe3O4 weight fraction effect on complex 

permittivity e’’



HRGO/Fe3O4 weight fraction effect on 
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HRGO/Fe3O4 weight fraction effect on complex 

permeability m’’
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Thickness effect on R.L. 

of Fe3O4(40 wt%)/epoxy
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Thickness effect on R.L. of HRGO (0.5 

wt%)/Fe3O4 (39.5 wt%)/epoxy

25

逢甲大學機電系微機電實驗室
MEMS. Lab. MCAE. FCU.

-15

-13

-11

-9

-7

-5

-3

-1

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

R
ef

le
ct

io
n
 l

o
ss

 (
d

B
)

Frequency (GHz)

3 mm 2 mm 1 mm

R.L. simulation of HRGO/Fe3O4/epoxy (3/5)

Thickness

(mm)

Frequency

(GHz)

R.L.

(dB)

−10 dB 

bandwidth

(GHz)

1 - - -

2 15.1 −7.15 -

3 8.9 −12.44 1.2



R.L. simulation of HRGO/Fe3O4/epoxy (4/5)
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Thickness effect on R.L. of HRGO (0.9 

wt%)/Fe3O4 (39.1 wt%)/epoxy
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Weight fraction effect on R.L. of HRGO/Fe3O4/epoxy (2/3)
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-29.74 dB
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RLs of 3 mm thick HRGO (0.9 wt%)/Fe3O4

(39.1 wt%)/epoxy

Frequency

(GHz)

R.L.

(dB)

−10 dB 

bandwidth

(GHz)

Experiment 7.6 −31.25 2.6

Simulation 8.2 −29.74 2.7

Difference 0.6 1.51 0.1



3. Microstructure analysis

32

逢甲大學機電系微機電實驗室
MEMS. Lab. MCAE. FCU.



33

逢甲大學機電系微機電實驗室
MEMS. Lab. MCAE. FCU.

XRD analysis of GO 
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5×104 times
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SEM of HRGO

105 times



5000 times
500 times
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SEM of Fe3O4 (40 wt%)/epoxy
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SEM of HRGO (0.3 wt%)/Fe3O4 (39.7 wt%)/epoxy

500 times 5000 times 104 times
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SEM of HRGO (0.9 wt%)/Fe3O4 (39.1 wt%)/epoxy

500 times 5000 times 1×104 times
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Conclusions
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Conclusions 

1. For the HRGO/Fe3O4/epoxy nanocomposite, complex permittivity and 
reflection loss increase with the increase of HRGO weight fraction.

2. 3 mm thick HRGO (0.9 wt%)/Fe3O4 (39.1 wt%)/epoxy has best 
reflection loss of −29.74 dB at 8.2 GHz and bandwidth of 2.7 GHz; 
while for 3 mm thick HRGO (3.0 wt%)/ epoxy, the RL -18.5 dB is lower 
and bandwidth is 1.8 GHz.

3. Correlation between simulation and experimental results is close 
indicating that the simulation is correct.
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Thank you for your attention 


