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Abstract

Absorbing material was developed from stealth technology in the Second
World War and that is widely used and gets a lot of research. With the
advancement of technology, the electrical devices emit electromagnetic
radiation and involve interference between the signals so that people pay

lots of attention to the impact they have caused.

And carbon nanotubes were discovered since 1991. Many advantages for
example, excellent mechanical, electrical, thermal, magnetic, chemical
properties, etc. They attract attention as the newest hot research focus.
But the carbon nanotubes are too tiny to use it, so that we developed a
solution of carbon nanotubes to prepare a suspension by a vacuum
filtration method. The suspension is then filtered into a black film bulk,

called buckypaper, BP.

In this study, alumina, iron oxide, barium titanate powders in different
weight percentage of cases and they were mixed with nanotubes and
made into absorbing material of different materials layered arrangement
of Buck paper. Then we measured absorbing characteristics, and choose
better weight percentage, making three times and five times the
concentration of the original concentration of Buck paper. Finally the
coaxial measurements were observed loss characteristics of different
materials and different hierarchical structure to achieve the microwave

absorbing or shielding effect.



Measurement results showed that doping three different materials into BP
will get a best absorption. The reflected signal, transmission signal,
absorption losses are better than pure buckypaper. And the sample G
which outside layer is a barium titanate doping, the intermediate layer is
made of alumina and nanotubes. This structure creates the best of the

experimental results.

Keywords : Multi-walled carbon nanotubes, Buckypaper, Coaxial

measurement, Microwave absorption, Absorption material
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BRERCSZELE-D G RS kbl Sl R (IR S  fe
Lo

R+ et aai&‘i{ppﬂ* W e R T 'J

(e e i b

RO RS

3

pe Mgyt £ A ATk E IR

I AL AR T AR

/;bf;’} F TR

NI

ATk B Z % R R R (S 0 iE R Ay

BRI Fd S A REX R RGN H R

BALBRITRIBEFTHIE YL E8F 7 BT+ 0

REGLE)PY ke md A At e R

2% k’ﬁ‘ij&_(?}if«)ﬁ’lx e Bl oy Q]ﬁ' g a /,}%frﬁt‘}lmg\é\ o

THEAAT D EEA A R ERAETS T (C ) e

RS Fam S R EREE P 2T RE A

-~

TR CFERBESY (L EF) Y L es it o
F2 2 s R B A - RFERAEFIPAW RIS FTrrts £
FEE LGS I ERFITELAN T H I e s A F A HT

33



ARG skt ko HREY A E G FRBEI A A FE 4 F
PO EFRYBPFE o d AR AT RS E R4

.I‘Z’ﬁ ZEF ¢

X
=g

PR R e
3.4.4 8 = giF 4 (Four Point Probe) % 4t

w BLIF AR e X EFRRF AR SE R A A
F icollinear 2558 * & B e V5 4 - 3 M H L5 o

4 hipA B A BF AT AT RN RS B AT TR

B o 4@ 3-13 #17 o

Bl 3- 13 & B ez v ghi54 7 L BI[16]

W RS AR TR TG R BRI A 2R

|4
o =2nsF ()
B2 FSF 47 N4 udeT

t/s
2 In{[sinh(t/s) ]/[sinh(t/2s) ] }

34

F11 =



In(2)
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RBP=0. 069 Al:0s BaT10s Fes0s
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30% 0.061 0. 057 0.062
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HE 45 3B 0.12 0.124 0.144
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Elemente CKe| OKe| AlKe| TiKe| Totale
Weight%e | 74.43¢0| 1824« 4440 | 289« 100¢
Atomic%e | 81.95¢| 15.08¢| 2.18¢ | 0.80¢ 100+

0

Full Scale 9939 cts Cursor: 0.000

Element«

CKe

O K~

AlKe

TiKe

Totale

Weight%e

61.85¢

24.28¢

11.44¢

2426

100¢

Atomic%¢

0 1 2 3
Full Scale 9939 cts Cursor: 0.000

Spectum 1 3

kev' 100um ! Electron Image 1

B 4- 6 4% 3. 30% & 452 EDS A 47

Elemente CKe| OKe| AlKe| TiKe| Totale
Weight%e | 50.27¢| 22.34¢| 21.08| 6.30« 100«
Atomic%e | 64.440| 21.50¢| 12.03¢| 2.02¢| 100¢

Spectrum 10
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Element« CKe| OKe| AlKe| TiKe| Totale
Weight%e | 73.83¢ 9.76¢| 3.99¢( 12.42¢| 100~
Atomic%¢ | 85.80¢| 8.51¢| 2.07¢| 3.62¢ 100¢

Spectrum 8

0 1 2 3 Sy - . n—
Full Scale 9939 cts Cursor: 0.000 keV! 60pum Electron Image 1

Bl 4-8 #3230 10%5# 40 B35 § 1+ 452 EDS A 47

Element~ CKe| OKe| AlKe| TiKe| Totale
Weight%e | 79.55¢| 12.07¢| 5.99¢( 2.39¢ 100+

Atomic%e¢ | 86.58¢| 9.86¢ | 2.90¢ | 0.65¢ 100~

Spectrum 7

Full Scale 9939 cts Cursor: 0.000 eV 60pm ' Electron Image 1

B 4- 9 45 3% 10% £ 4c B 5 2 § i 452 EDS 4 47
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Elemente CKe¢| OKe| TiKe| BaLe| Totale

Weight%e | 87.36¢| 1.16¢| 6.66<| 4.82¢| 100¢

Atomic%e | 96.72¢| 096¢| 1.85¢| 047¢ 100«

0 1 2 3 4 5 6 7 8 r
Full Scale 10360 cts Cursor: 0.000 keV

60um ' Electron Image 1

B 4- 13 3% 3¢ 10%45p4 42 2 EDS ~ 45
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Elemente CKe| OKe| TiKe| BaLe| Totale

Weight%e | 75.67¢| 3.84¢| 846¢| 12.034[ 100¢

Atomic%e | 92.58¢| 3.53¢| 2.60¢| 1.29¢ 100¢

Spectrum 2

W) 4- 14 43 5¢ 30%4cfeds 2. EDS A 47

Elements CKe| OKe| TiKe| BaLe| Totale
Weight%«‘ 6731e[ 2.72¢( 11.48¢ 18.48¢[ 100¢

Atomic%e | 91.140| 2.77¢| 390¢| 2.19¢ 100¢

Spectrum

60um ' Electron Image 1
Full Scale 10360 cts Cursor: 0.000 keV!

] 4- 15 4% 8¢ 50%4% i 42 2 EDS 4 47

Elemente CKe| OKe| TiKe| BaLe| Totale

Weight%e | 71.57¢| 7.47¢| 10.68¢| 10.284| 100¢

Atomic%e- | 88.63¢| 695¢| 332¢| 1.11¢ 100¢

Spectrum 18

0 1 2 3 4 5 6 7 8 "
Full Scale 10360 cts Cursor: 0.000 keV! 60um Electron Image 1

) 4- 16 53¢ 50% £ 4c 5 3 3 4548 2 EDS A 49
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Elemente CKe| OKe| TiKe| BaLe| Totale
Weight%e | 70.67¢| 7.50¢| 10.09¢| 11.74¢| 100¢
Atomic%e | 88.49¢| 7.05¢| 3.17¢| 129¢ 100

Spectrum 19

2
Full Scale 10360 cts Cursor: 0.000
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B 4-20 33525 1480k 8 = 5 M 2 Bojadp 45

Elemente | CKe| OKe | FeKe | Totale

Weight%e | 89.20 4.65¢| 6.14¢ 100«

Atomic%e 3726 1416 100¢

Spectrum 14

0 1 2 3
Full Scale 10360 cts Cursor: 0.000

B 4- 21 $33¢ 10%% - 42 EDS & +7
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Elemente | CKe| OKe | FeKe | Totale
Weight%e | 71.484 11.68¢| 16.84¢ 100«
Atomic%e | 85234 10.45¢| 4.32¢ 100

60um Electron Image 1

0 1 2
Full Scale 10360 cts Cursor: 0.000 keV

B 4- 22 34& 30%% f-482 EDS & 45

Elemente | CKe| OKe | FeKe | Totale

Weight%e | 57.644 14.58¢| 27.79<| 100¢

Atomic%e- | 77.314 14.68<| 8.02¢ 100¢

Spectrum 9

0 1 2 3
Full Scale 10360 cts Cursor: 0.000

Elemente | CKe| OKe | FeKe | Totale

Weight%e | 54.974 15.40¢| 29.63<| 100
Atomic%e¢ | 75404 15.86¢| 8.74¢ 100¢
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Elemente | CKe| OKe | FeKe | Totale
Weight%e | 51.224 18.83¢| 29.962| 100
Atomic%e | 71344 19.68<| 897F | 100~

0 B50um ' Electron Image 1
Full Scale 10360 cts Cursor: 0.000
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SEI 15kV WD15mm x1,000 10pum
THU-EE nano

Element: | CK<| OK| AIK| TiKe| Total| | Element: | CK<| OK| TiKo| BaLo| Totalo | Elemeat: | CK+| OK+| AIK:| TiKe| Total
Weightte: | 7131.] 1889:] 576:| 404| 1000 | | Weightte- | 4137|2356 1083 2424:] 100+ || Weightweo | 78154 1572 529.| 083+f 100-

-
>

|
Atonsic% | 80.06.{ 1592 2.88+| 114+ 100- Atomic¥e | 64.75¢| 2768/ 425¢] 3324 100 Atomic%- | 84474 12,76 255+ 0224 100-
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Element: | CK+| OKs| AIK¢| TiK¢| Total: Element: | CK¢| OK+| TiKs| BaLs| Total Elemente | CKv| OK<| AlIK¢| TiK¢| Total
Weightde: | 8673+ 7.89¢( 349+ 189-| 100 Weighte: | 47.26<| 13.974] 13.62+] 25.14¢ 100- Weight%- | 84304 12,01+ 337+| 032¢| 100
100+ Atomic%% | 74,58 16561 539+ 347+ 100. Atomic% | §8.83¢| 950+ 158 0.08-| 100

Atomic%- | 91,60+ 626+ 164 0.50-

S8 s
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SEI 165kV
THU-EE nano 20 Oct 2016

Element: | CK-| OK<| AlK¢| TiK+| Total- Element: | CK+| OKv| TiKv| FeLs| Totals Elements | CK¢| OKv| AlK¢| TiK¢| Totals
Weight%%- 78 :9'i 14.80+] 5.19<| 1.73¢] 100. Weight®es | 43.734| 33.05 0.69-| 2253 100 Weightde: | 76211 1597, 4.470| 335+ 100
Atomic% | 84 97-1 12064 251¢| 047¢| 100. Atomic% | 5945+ 33,734 0.24¢| 659+ 100 Atomice 83.724 13.174 2.19¢| 0922 100

2 3 4 H 3 ? L]

] 3
Fil Scale 3335 cts Cumsor 0000 L0 eV Ful Scale #5009 ot Comer 0000 L

71 4-32C % 5 SEM 2 EDS A4 }7

Element: | CKv| OK<| AlIK¢| TiKe| Totals Element- | CK¢| OK¢| TiK¢| Felv| Total- Elemeate | CKv| OKv| AIK¢| TiKe| Total
Weightde- | 82.18-| 1089 S.14¢( 1.79¢| 100 Weight¥e: | 52.56-| 14.05¢| 0.89-| 32.50-] 100« Weight¥e: | 83914 11334 333+| 1434 100
Atomic¥ | 8827 8.78+| 246-( 048+ 100 Atormic% | 74.74¢| 15.00¢| 032+ 9944| 100 Atomic%- | 8§9.02 9.03~| 157+ 038+ 100
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Element: | CK-| OK+| TiKe| BaL- | Total- Element: | CKs| OK+| TiK+| Fels| Total Element: | CKv| OK¢| TiK¢| BaL¢| Total
Weightte- | 39.39] 473+ 2138+ 34 SH 100 Weight%- | 55.86<] 832-| 1840+ 17424 100- Weightde: | 43.08¢| 21.44+| 11.03.] 24464 100
Atomic¥e | 76 75-: 6927|1045 5882 100 Atomic¥- | 7927+ 887+| 655+ 532¢| 100 Atomict | 67.234 25,114 4320] 334¢| 100
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19 Oct 2016
Element: | CK<| OK-| TiK| BaLs

Weightte: | 4593:| 1871 1122 24115:

Totals Elemente | CKv| OKv| TiKs| Felv| Total- Elementy | CKv| OK/| TiK-

100+ Weight¥e: | 5020+ 21.04+| 16394 12384 100 Weight% | 54.64+ 12.84-| 14.52-| 18.00+| 100~
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SEI 165kV WD15mm x1,700 10um C——
THU-EE nano 19 Oct 2016

Element: [ CKv| OK¢| TiK¢| Bals| Total Elements | CK+| OKv| AIK+| TiK¢| Totalv || Element: | CK: OK»[ TiK¢| Bals| Total:

Weight¥e- | 41.49¢ 14334 25414 18779 100 ‘ Weightde: | 53.85-] 19.55¢ 6444|2017+ 100 Weighte: | 4861 20224 9.09:| 21184 100¢
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SEI 165kV WD15mm
THU-EE nano

Eement | CK+| OK¢| TiK+| FeL| Total:|| Elements | CKe| OKe| AIKe| Tike| Totals || Elements | CK+| OKv| TiKe| FeLs| Total:
Weightde: | 45 714 10124 6780 3739 100+ Weightde- | 74.264 !I.‘l‘ 5.58| 89441 100. Weightde: | 4588
Atomic¥% | 72504 1205+ 269:| 1275 100 || Atomict | 84964 9.634| 2844] 256.

¢ 33334 166¢| 19.14¢ 100
100 Atomic%- | 60.824 33,179 0.55
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Elemet: | CK<| OKe| Tike| FeLo| Tota || Elements | CKo| 0K | AKo| TiKe| Total

Element: | CK:| OK-| Tik:| FeL
Weightte: | 7485 1540.] 436.| 538|100

Total:
Weight% | 5558+ 2727 1842|1531 100

100 Atomic% | 69.65¢| 25.65- 0.58+| 4.13.

Weight¥e ;5083-: 348-( 7060|3864 100
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SEI 165kV x1,100 10pm
THU-EE nano

20 Oct 2016

Elements | CK| OKv| TiK¢| Fel~| Total: Element- | CKv| OKv| TiK¢| Bals| Totals

Weightde- | 5021 7900 1335+ 2853 100 Weight¥e

Element: | CKv| OKv| TiKv| Felv| Total-
40.804| 18.20+| 12.84+| 28.16¢| 100- Weight®e: | 43,549 35744 225
Atomic%- | 67.834 22.72¢ 536<| 410+ 100

Atomic¥ | 76514 9.044| 5.10+| 9357|100+

Atomic%- | 58.12¢ 35.82¢ 0.75:| $30¢| 100.
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B 4- 48 K ¥ 5 SEM £ EDS % 47
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20 Oct 2016

Element: | CK-| OKv| TiK¢| FeL~| Totals Element | CKv | OK+| TiK+| Bals| Total: Element: | CK+| OK¢| TiK: FeL-? Total-

Weight®e: | 39.58+) 10834 3525+ 1435 100 Weight3s
25.544 0.18¢| 508-| 100 Atomic%- | 68.48¢| 14064 15294 217

Weight¥e | 5424 26671 0.56+ | 18,53+ 100-
Atomicde- | 69.20

[ 53.02 861+| 2934|3534 100.

1005 || Atomicde: | 7821 9.52+| 108:] 1119 100

’ 1 N
heV Full Scale 3309 cis Cunor 0000 eV Ful Scale 9
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SElI  15kV WD16mm  SS56
THU-EE nano

CK-| OK+| Tike| FeL| Total. Element: | CK+| OK¢| AlK¢| TiKv| Total
17134 100+ Weighte: | 89.14¢ 733+| 269+ 0.85¢| 100
5.730| 125¢| 0224 100

Elemeat: | CKv| OK+| TiK¢| BaLls| Totak Element.

Weight*e: | 46.15-| 10.49+] 19104 2427 100- Weight¥e | 50.53-| 3165+ 0.70
| 348¢| 100- Atomic%e- | 64.66 30404 022+| 4714 100 Atomic% | 9281

Atomict | 75.74<| 1292+] 786
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SEIl 10V
THU-EE nano

Element: | CK¢| OK:| TiK¢| BaL:| Total'| Element: | CK-| OK+| AIK| TiK<| Total || Element: | CK:| OK<| TiK+| FeLs| Total |
Weightte: | 2428 2150.{ 14.43. 39404 100 || Weights | 8593 10334 392:| 022-| 100- || Weighte | 36.08-| 2085 0334274 100+ |
Atomic%s | 59.144| 25.66-| 0.14.| 1507 100

7.57¢] 721»| 100« Atormc®o | 8995-1 8.15-| 1.84¢| 006 100

ke Foll Scale 12368 oty Comor 0000
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Elements | CK+| OK:| TiKe| Fel:| Total-|| Element.

CK-| OK:| TiK:| BaLs| Totale | [ Elements | ckv| OKe| AlK:] Tike| Total
Weightds- | 60.63-| 13604 1.71+| 24.06 100. Weightder | 393441 1722 12,154 3129 100, Weight¥er | 85.034) 11.724| 291+ 035 100+

Atonmc®s | 79314 13364 056<| 677 100- Atomic%- | 6§7.77¢ 22271 525-| 4.71<| 100. Atomic% | 8931.] 9240 | 1364| 009 100+
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Fall Scaie 52360 ¢ts Curper 0000

SEI 10V WD14mm
THU-EE nano
CK<| OK¢| TiK¢| Fel+| Total Element CK-| OKe| AIK-| TiK+| Total Elemznt CK+| OKv| TiKy| Bale| Total
Weight¥e: | 44,60 18.87. 0!0»%3643»‘ 100. Weightder | 8948 580.| 281v] 191 100+ Weightte | 4835 14124 10.04-] 2749 100+
|

Atomic%- | 9363+ 456-| 1310] 050 100+ Atomic® | 7570+ 16,594 3944 376+ 100«

tomic%e | 68.94-| 21264 0.04.
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WD15mm x1,000 10pum
THU-EE nano 18 Oct 2016
Elements | CKv| OKv| AIKe| TiKv| Total: Element: | CK¢| OK¢| TiKe| BaL:| Total Element: | CKo| OKv| TiK¢| Fels| Total:
Weight®e | 8783+ 6500 248+| 3.19¢| 100 Weight¥e- | 5027+ 10.52

12,094 27.124] 100 Weight¥e- | 42.03.] 33,65+ 035

Atomic¥e- | 92834 5.16¢| 1.17¢| 0.85¢| 100 Atomiche: | 79.08+ 1242+ 4.77.
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Element: | CK+| OKo | AlKo| Tike| Total: Element: | CK-| OK¢| Tike| FeLo| Toualo|| Hemeat: | CK-| OK: | Tike| BaLs| Total
Weight%: | 7422:] 630:( 672¢| 1276 100+ || Weighttor [ 5593 7310|1134 25.424] 1000 || Weightte: | 3842 2374 11394 26454 100
Atomic%- | 8710 5.55¢| 351¢[ 376+ 100+ || Atomiete [ 8021{ 787 4.080| 784:| 100+ || Atomicte: | 6256 29.02{ 465 377 100
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