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Abstract

Since carbon nanotubes were discovered in 1991, its mechanical,
optical, electrical and magnetic properties of excellent features that make
In recent years become a very popular research direction, due to the small
volume of carbon nanotubes, it is rarely a practical application in real life.

To enable us study the nanotubes at the macroscopic level, the
sample was made by the aqueous solution of CNTs and the filtration
method to make it into a paper like structure called as Bucky paper (BP).

In this investigation, we first mixed nano cobalt (Co), or copper
oxide (CuO) or iron oxide (FesO,4) powders in different weighting
percentage into BP.and then we make multilayer BP by mixing it with
cobalt and copper oxide powers alternately. Finally we use the coaxial
method to measure the RF absorption characteristics in different
percentage and different layer configuration of doped Bucky papers. At
the same time the hysteresis curves were also observed after the changes
of magnetic behavior.

The results show that Bucky paper reduce transmission loss and
return loss after a downward trend in doped samples, but when doping
iron oxide was more than 30%, the transmission loss and return loss got
upward trend, the transmission loss of went upward -11.21dB, and found
the absorption loss had broadband absorption characteristic. In multilayer
Bucky paper measurement results demonstrate that you can change the
layered arrangement to make different microwave characteristics. For
example the sample E will resonate so as to increase absorption loss at
16GHz. To change layered arrangement can also increase the absorption
bandwidth.

Finally, we used Bucky paper to make a simple absorbing patch. The
samples were covered on an antenna and to measure antenna field chart.
The measurement results can be seen in antenna field chart, the field chart
diagram showed a perfect circle without covering an absorbing material.
But the EM field became suppression with a magnetic doped BP patch.
Thus this proved that a Bucky paper absorbing patch is feasible, thereby
to make a light and flexible absorbing material by modified BP will be
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applicable in the future.

Keywords: carbon nanotubes, carbon nanotube paper, coaxial
measurement, microwave absorption
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3.2.2 ¢ § L = 45 % [18]
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3.3 R &E 4 2[17]
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3.4.3 it £ & #7%## & (Energy Dispersive Spectrometer, EDS)
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3.4.4 % v 235 ¢*(Four Point Probe) ,x $.[21-24]

BREIJ| e L EFIEHFS > E ML od B FE TR
Foba 4B RIR RS N TPl £ 458 ¥ 4_collinear A5 »

VERRESS NP A - B ALY 4o T BlATT o
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0 =2msF (%)
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t/s
F11 = : .
2 In{[sinh (t/s) ]/[sinh (t/2s) ] }
2 In(2)

" In(2) + In{[(D/s)? + 31/[(D/s)2 — 3] }
Fl1=1/(1 + (1+(21d/s))_(2+(21d/s))_(4+(21d/s))+(5+(21d/s)))
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3.4.5 8 4 17 ik (Network Analyzer)
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PIFE L #p) &~ i (DUT; device under test)ism € 7 % I
BT EH GO F N RTELAI WS BRF T E Y o
BAEUELAR £ B o i*njﬁl 8 R e ST PR > fodh 2 B F]2
S21 ipli#i e > e S11 82 S21 S e 3L & 7 (93] S22 8 S12 %

B TP RGAENFERT ERETBRER BRI EE o

S11 = %IaFO =['1= reflection coefficient at port 1 with a.=0
S21 = :—il a-=0=T21= transmission coefficient from port 1 to port
2 with a:=0

S11 = :—§|a1=0 =I"2= reflection coefficient at port 2 with ai=0

S12 = :—;I ai=0=T12= transmission coefficient fromport 2 to port

1 with ai=0
S21
al
> > > b2
S11 S,y
\ 4 N
bl < < < a2
S12

Bl 3-17 S %-#<[25]
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150KV X10,000 S 150KV X50,000 100nm WD 10.6mm
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150KV X30,000 100nm_ WD 10.6mm

Full Scale 877 cts Cursor: 0.000
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SEl 15.0kV  X10,000 Tum WD 10.6mm SEI 15.0kV  X30,000 100nm WD 10.6mm

@] 4- 15 #3352 CuO = 5. Az SEM ] 10000 # £ 30000 i

N
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B 4- 16 4% 32 CuO = 5. X2 SEM [ 50000
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S-4600 3.0kV 54mm x10,0k 5 S-480013.0kV. 5. 1mm X30.0k

B 4-26 ~ & A7 2 £+ 5 SEM [ 10000 & £ 30000 =

[wt.%] [wt.%] [at-%] [wt.%]¢

C 6 K-series 66.41 79.26 91.87 8.55¢
O 8 K-series 4.56 5.44 4.73 1.21¢
Co 27 K-series 2.28 2.73 0.64 0.17¢
Cu 29 K-series 10.53 12.57 2.75 0.55¢

Total: 83.79 100.00 100.00¢
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R R RN

. N
S-4800'310KV 5.3mm x30.0k 1.00um $-4800 3.0kV 5.3mm x30.0k

B 4-33 =~ & B 2 £+ SEM [§] 30000

[wt.%] [wt.%] [at-%]

C 6 K-series 82.38 82.38 91.42
O 8 K-series 7.66 7.66 6.38
Co 27 K-series 6.51 6.51 1.47
Cu 29 R-series 3.45 3.45 0.72

Total: 100.00 100.00 100.00¢

B 4-34 » & Bz 4+ a Cok EDS 4~ 47
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$-4800 3.0kV'5.1mm x1.00k

®14-35 ~ & E 2 4+ 5 SEM § 1000 &

$-4800 3.0KV 5.1mm x30.0k "1 oou $-4800 3.0kV 5.1mm x30.0k

B 4-36 =~ & E 2 #*» % SEM [ 30000 &2

[wt.%] [wt.%] [at.%]

K-series 57.76 64.56 85.86
K-series 6.26 7.00 €6.99
K-series 0.00 0.00 0.00
K-series 25.44 28.44 T-15

Total: 89.47 100.00 100.00¢

SUSI-PPS120
SE MAG: 700 x HV: 150KV _WD: 154 mm

8

kev

Bl 4-37 ~ % Ez &% 5 CuO & EDS 4 47
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[wt.%] [wt.%] [at.%]

C 6 EK-series 88.06 88.06 94.17
O 8 E-series 5.56 5.56 4.46
Co 27 R-series 4.65 4.65 1.01
Cu 29 K-series .73 1.73 0.35

Total: 100.00 100.00 100.00+
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SE MAG: 700 x HV-15.0kV m!llmm

cps/eV

00C¢
o

ke
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$-4800 3.0kV 5.3mm x30.0k

[wt.%] [wt.%] [at.%]

C 6 K-series 93.19 93.19 97.15
O 8 K-series 2.50 2.50 1.95
Co 27 R-series 3.15 3.15 0.67
§ Cu 29 K-series 127 117 0.23

Total: 100.00 100.00 100.00¢

ps/eV

Bl 4-44 &k C 2 A5 CNT & EDS » 47
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[wt.%] [wt.%] [at.%]

C 6 K-series 39.16 60.10 87.73
O 8 K-series 0.45 0.69 0.76
Co 27 K-series 21.06 3231 9.61
Cu 29 K-series 4.49 6.90 1.90

Total: 65.16 100.00 100.00¢

cps/ev

1.8

[wt.%] [wt.%] [at.%]

C 6 K-series 53.10 62.63 86.28
O 8 K-series 4.37 5.15 5.33
Co 27 K-series 0.00 0.00 0.00
Cu 29 K-series 27.32 32.22 8.39

Total: 84.79 100.00 100.00¢

cps/eV.

1.29
1.0
oedlcc
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Bl 4-46 ~ % C2 A= & CuO & EDS 4 47
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peTg e

S-4800 3.0kV' 5,3mm x3.00k

B 4-47 ~ kK D 2 #*7 5 SEM [§] 3000 3

$-4800.8.0kV 5.3mm x10.0k: X 4 $-4800 3:0kV 5.3mm x10.0k

[wt.%] [wt.%] [at.%]

C 6 K-series 96.35 96.35 97.39
O 8 EK-series 3.36 3.36 2.55
Co 27 R-series 0.29 0.29 0.06
Cu 29 R-series 0.00 0.00 0.00

Total: 100.00 100.00 100.00¢

B 4-49 » & D 2 £+ 5 CNT & EDS %~ {7
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[wt.%] [wt.%] [at.%]

C 6 K-series 42.59 77.47 92.83
O 8 EK-series 1.45 2.64 2.38
Co 27 K-series 8.94 16.26 3.97
Cu 29 K-series 2.00 3.63 0.82

Total: 54.97 100.00 100.00«
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[wt.%] [wt.%] [at.%]

C 6 K-series 56.95 62.24 83.44
O 8 K-series 8.49 9.28 9.34
Co 27 K-series 0.09 0.10 0.03
Cu 29 R-series 25.98 28.39 7.19

Total: 91.51 100.00 100.00¢
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$-4800 3.0kV-5.2mm x2.00k " 20.0um

B 4-56 = & F 2. #*» % SEM [] 2000 &

S-4800 3.0kV 5.2mm x20.0k I $-4800 3.0kV 5.2mm x20.0k

B 4-57 = K F 2 #-*» % SEM & 20000 &

K-series 56.70 96.70 57.75
E-series 2.85 2.85 2.16
K-series 0.00 0.00 0.00
K-series 0.45 0.45 0.09

SUSIE-PPS120
SE MAG: 600 x HV: 15.0kV WD: 15.5 mm

0.63

T T — T T T —T — T
2 < 6 8 10 12 14
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}

Bl 4-58 » & F 2 4 & CNT & EDS 4 4



[wt.%] [wt.%] [at.%]

C €& EK-series 54.02 82.80 94.10
O 8 K-series 2.07 347 2.70
Co 27 EK-series 713 10.90 2.52
Cu 29 K-series 2.04 3.13 0.67

Total: 65.24 100.00 100.00¢

SUSIOA-PPS120
SE MAG: 600 x HV: 15,0 kV_WD: 15.5 mm

B 4-59 »k F 2 £+ & Cok EDS » #7

[wt.%] [wt.%] [at.%]

K-series 42.67 50.45 80.67
K-series 4.09 4.84 5.81
K-series 0.20 0.24 0.08
K-series 37.62 44 .48 13.44

Total: 84.59 100.00 100.00+

SUSIOL-PPS120
SE MAG: 600 x HV: 15.0 %V _WD: 15.5 mm

Bl 4-60 » % F 2 4% CuO % EDS 4 47

$-4800 3.0kV 5.4mm x700

B 4-61 = & 1 2 #-*»5 SEM Bl 700

66



[wt.%]

[wt.%]

[at.%]

67

R-series 56.65 79.23 90.84
R-series 4.96 6.94 5.97
K-series 8.16 11.42 2.67
K-series 1.73 2.42 0.52
Total: 71.50 100.00 100.00¢
SUW;PS!N y
SE MAG: 400 & HV 150 kv WD: 15.5mm
——
12 14
N\ R 5 X - , N\
B 4-60 A& | 2 4 5 Co & EDS 4 44
[wt.%] [wt.%] [at.%]
K-series 86.95 86.95 94.64
K-series 4.38 4.38 3.58
K-series 0.00 0.00 0.00
K-series 8.68 8.68 1.7
Total: 100.00 100.00 100.00¢
sussobppsiz X
SE MAG: 400 % HV-15.0 kV WD: 15.5 mm
cps/eV.
(Co
C Cu Co Cu
J IL 4 & ‘ & } u
R e SR PR U L T L A T T P
2 = 6 8 10 12 14
kev
N\ R. 5 ) X -7 , "\
Bl 4-62 4 & 1 2. #1% 5 CNT & EDS 4 #%



RK-series 75.58 75.47 89.
K-series 793 7.92 7
K-series 0.00 0.00 0.00
K-series 16.63 16.61 3

M
SUSIEPPS120 : 5
SE MAG: 400 % HVZ15.0 kV WD 15.5mm

12 14
kev

B 4-63 » & | 2 A5 CuO & EDS ~ 17
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Bl 4-67 ~ K G~H2iFd iz g

$-4800 3.0kV 5.2mm x20.0k

C 6 EK-series 57.03 97.03 97.81
O 8 K-series 2.87 2.87 217
Co 27 K-series 0.00 0.00 0.00
Cu 25 K-series 0.10 0.10 0.02

Total: 100.00 100.00 100.00+¢

SUSIL-PPS120
SE MAG: 380 x HV: 15.0kV WD: 15.5 mm

cps/eV.

9
0
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[wt.%] [wt.%] [at.%]
C 6 EK-series 52.22 70.34 86.61
O 8 EK-series 6.64 8.94 8.26
Co 27 R-series 12.58 16.54 4.25
Cu 25 K-series 2.81 379 0.88
Total: 74.24 100.00 100.00¢
SUSIL-PPS120
SE MAG: 350 x HV- 150 kV WD: 15.5 mm
18_rs/ev
1.6
1,47
1.2
1.0 O Cu
0e83€ Co Co Cu
0.63
e l [
0.2 =
0-0-:L"7|"'|*'|""L|"'|"'|"'|'
2 - 6 8 10 12 14
kev
N\ » 3 ) & =g » ™\
Bl 4-70 A % G 2 #.* & Co & EDS 4 7
[wt.%] [wt.%] [at.%]
C 6 EK-series 46.29 531::52 76.85
O 8 EK-series 10.17 1332 12.68
Co 27 R-series 0.00 0.00 0.00
Cu 29 K-series 33.38 37.16 10.48
Total: 89.84 100.00 100.00¢
SUSIN-PPE120
SE MAG: 350 x HV. 15.0kV WD: 15.56 mm
18 cps/eV
1.6
1.4
1.2
ERE=)
0834€ CQu Co Cu
0.6
0.4
0.2
0.0 f‘l‘"'l""I"'I'h"l"'l"'l'
2 4 6 8 10 12 14

Bl 4-71 4 % G2 4l
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$-4800 3.0kV 5.3mm x1.00k "' 50.0um

B 4-72 =~ k& Hz #£* % SEM & 1000 &

$-4800 3,0kV 5.3mm x10.0k By o $-4800 3.0KV. 5.4mm x10.0K

Bl 4- 73 A & H 2 414 5 SEM [ 100007

R-series 58.37 72.94 87.51
K-=eries T.39 8.95 8.10
K-series 13.20 16.50 4.03
K-series 1.26 1.58 0.36

t T T T T Tt T T — T T T
2 4 6 8 10 12 14

Bl 4-74 » % H2 4% 5 Co & EDS A 4



[wt.%] [wt.%] [at.%]
C 6 EK-series 95.70 95.70 97.17
O 8 E-series 3.51 3.51 2.67
Co 27 E-series 0.00 0.00 0.00
Cu 29 K-series 0.79 0.79 0.15
Total: 100.00 100.00 100.00¢
SUSILPPS120 ‘
SE_MAG: 1800 x HVad
18 cps/e\V
1.6
1.4
1.2
10300 cu
083€ G Co Cu
0.6
0.4
0.2 =
0.0 U T T T “' T T T o
2 4 6 8 10 12 14
ke
N\ R 5 i X - , ™\
Bl 4-75 4 % H2 4% & CNT & EDS 4 5
[wt.%] [wt.%] [at.%]
C 6 EK-series 66.72 68.97 87.23
O 8 EK-series 7.28 7.52 7.14
Co 27 K-series 0.34 0.35 0.09
Cu 29 K-series 22.40 23.16 5.54
Total: 96.75 100.00 100.00¢
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