[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.5.5.6 ]

89-81 oo 5 o louds (16 0,95 1395 SIS yo (w30 SWlo S Ido Ao

=
4 . -Eh i
OV 0 S0  wiigo = &
Jany
mme.modares.ac.ir u/')/;‘g;:%,

Tl9ol DA 2 (5 9l (235 o 2O 0xlu &5 (2 7 Sdglgil W56 ()

1 i 33 o lidng 55

2 Alghsl LS 3 ' adila Ls
Pledeol (S 53 Jguuy ¢ paddila Ld yale s
3L i ool iz sl ooShal 1T oS50 Sl i ) puli 5 -1
ST g bl ciss asly oMol o1 oKl « Solse pudine ybdbiul =2

ra_tarkesh@pmec.iaun.ac.ir 8514143131 ., sy00 ol cios *

sSs s Sleo!

@ Olyics dge ol oWl 3gh olss Ao ) azilse ) g ol oSS ((SlSe Jlo s olss 6l ) slaalylgils S (g, dlio

gl nl J g BB pom b lineg Sl lae jLisl sliasly )3 (635 L3 L dlge cpl 13905 o)Ll puablineg xSl Zlgel Gl cools

1394 (527 ‘il
1395 (235,820 i3y

sl sl el (satiges Lo g oyl 3 Ngde Symian 45 1 (5B, gl g il Coge s alei o s |, 1305 e ) 21 s oot
o825 Lausgi s 5 43les Sl o iz gy <S5 b Sl by ey 3,5l sl Lol 1 1y Sl 2y s 9 ok 5 S i
wblo S Al 100310 53 g oy s )3 (DjgeelS (slacigas alodls )15 uayp 3)90 1y o 4SSl Jios g 420 o)l S (S sladlgll
Gl G e ol 3 S cladlglail b oad gl cladiges (sl glsel YU Gl 31 ol Lisloj] ol ) Jobs gl o dlsel i
4 00d S g sladoyd gl SOl b S 0 wda e bawgieo o5 (ygb 4 03)5 e 03938l i 4 )T sladglel 59 do)yd Cajoels

ol

22 Gl iy & jg hoy 10 53 Ll ond Cusii claiges pizmed Sl e sy s 126542 54,5889 3.33712 gy

559 Sen skl 5 Glely 950 (P cirl g ladiged i Coles )3 3o (L5 353l pL (p5) & Cunid |y (ghop 362 5 67

a5 )8 )l 90 sgy (FoS)

Investigating the Effect of SWCNTSs in the context of epoxy resin on the
electromagnetic waves absorption in the X-band

Seyyed Alireza Hashemi, Rasoul Tarkesh Esfahani”

Department of Mechanical Engineering, Islamic Azad University, Najafabad Branch, Najafabad, Iran.
* P.0.B. 8514143131, Najafabad, Iran, ra_tarkesh@pmc.iaun.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper
Received 17 January 2016
Accepted 08 April 2016
Available Online 10 May 2016

Keywords:

Single wall carbon nanotube
wave absorption

composite

X-band

Carbon nanotubes have excellent mechanical, electrical, thermal and magnetic properties, among the
extraordinary properties of these materials that can be traced to the absorption of electromagnetic
waves. By placing these materials in the direction of electromagnetic waves, significant volumes of
these waves have been absorbed and the radar cross section from a finder view has also been reduced.
In this study composite samples containing SWCNTSs in the context of an epoxy resin based on standard
dimensions for X-band with a multi-stage built method were produced and then the samples were
analyzed by Vector Network Analyzer. Composite samples have been made in three weight
percentages, 1, 3 and 10. The result of this experiment shows the high amount of wave absorption for
samples reinforced by carbon nanotubes. This amount of absorption greatly increases due to increase of
nanotubes weight percent, so that the average amount of absorption in the whole X-band for the
mentioned percentages is 3.33712, 4.5889 and 12.6542 dB respectively. Also, the amplified samples
with 1, 3 and 10 weight percentages show increase in wave absorption about 22, 67 and 362 percent in
comparison with pure resin. Finally, samples were evaluated with Micro Raman Spectroscopy and SEM
images.
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Fig. 1 A view of the electromagnetic wave released during a waveguide
with a combination of electrical and magnetic fields.
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Fig. 2 A view of SEM image from these carbon nanotubes on a scale of
500 nm.

5 Sl gl al stgy (S9N (Sl 3 Ss s il (alod 2 S
agili 500 uliie o

WS oo oyl 1, 20GHZ I 1OMHZ 31 S )6 g5, dgazme ol il oo

ileige Jlosl ladiged 4 52 oo Basb 1 g

bdiges clo 2585 Jo>10-3
5 Sl 1) 2,5 ol (55l Cjpeals Lo kit &
059« 2oy 10 6 3 L3l wglaie S39 sloss,e o 1) olas ST
e s pll badised clo ln 1) 5 Jole oo 4 s pralei oo (25

Gl jshaie 4y S ) (g0 a4 )5 sbedlgdsl Jleel I LS
(5 SLdgdsl divsy o0 4 slaaius (ol b feizes 5 Cush,
Cogby B a0 518 5315 cwd [0 cele 48 e s | Ll
4y 055 Lgbse i 53 1, e slaalysl o il 2815 Ll
bl oo b el 1 o 4 s 120 1l b Seigual 2l o5 o oSS
0,8 oz oo 5l )5 sledlgleil dingy oo 4 slaius U ppled oo
oMb lglS s Shdgl e (Satez Glagys MlPl cage Cash,
ot il ol 5 5 S sladlglyls Cosh, (2805 L w38 e Ll
Gord 5t ityS Soalgloil il ey ol )« Sigml ] Aiad )8 el
S 4 S Sadlsl b osd o el 5 055 0 Wl i (St
5 alod o) bglons e iy 3 (55 & 5 Sl 5 (5 sladlglsil
o5 St 5 Sl ] a8 sladI5l s sk
Ao ol 5 ()5 Sedgdgil e e caalie JE3 IS o
ERORIPPOR DN PPN SN E PPV PR WIS VLA VIR TR S PIPAPLE S e
boloo oo b el 2 s 4 5 pmliBle 358 boline a0 1) (S5l 03)
5 Of Ay Wb SRl czrge (njy 4 el (093l erlei o0
0998 b s 03,5 0 e 5B 0 (S ladlgdall e (SusSTy
a8 balie ] 2105 ol 5 ole 8 o a2, 50 0 5 o3
plol Al o ol 1 Al aL5ls Az g cpmled e i o 3l 3 |, gt
Jowle Bl i 5 wiloco B alol> bgls 10 oysil (o Mo 02,55
sl i 3 455 o 5,55l Sy ol 5 () o (5 VL ol
S o Iy sl 3L 5 00 Ol 3l 5

Lol l Goe dy omws 5 Ol b el 1 G a1 als o ]
4 100:60 Sjs o b1y iy Jole s coudd oo plol &l > B3>
a1l ol s el i 5 S adglyls Sl 5, Lsk
21y 398 balste e cpmloi oo bale v b M3 Cow dids 30 Lo

83

0uds &8 )5 0 00 (5 jseelS sladiges Cl gl Wb cpl 4 by o WRI0
5 wsdl, Sbls)) slhaie; o o5y sl 5l LSl Wb ol
Fssky ez s Wil @l Dbl Gizen g Loyl (STl
531000 0k pluzl (Sozinz 4 Al bl S92 sla bl
Slrbie ol rpsalfy J (S 8 S sl i Sl
225 3l oy el o s alonlsn ke plas & yie wlsicoe il e
DS SISl olys 55 ol ol b (paizead 5 953 Fymiar sla ol
5005 Sladiges Lol 0gdle (00,5 pal)d w5 3 sla asels ol jo
Sy oSl & Lo il (ool 1y (S (slodglsils 5l
O B Ly sl 10 93 1 h5 oy aw o slal>pe iz )
= bl 2]y i b dhalle v a5 e erse ) ladiges
odls 7y ol jsb ay Jolie (ol am slacand jo mlos sl cuvs 4 b

Al doles

oud 4 5 IO (solKins 9 dgo -2
8 b L o aglsi o)z 5 )5 cloalgdail Lo oo cnl 4o
2 5 Syl ol (IS eled mlaid S 0 e 0 el Slaesil Gliis
J5 2 S5 s s S sl ol & bpe g, g
oy oad bele 1S cladysl I Bains ol o «Cesl ssliv
Ol 5 o0 s Cemgs ol 4 55 Ol 1 il ol b lazs 5
e G5, 8505 5oy S8 5 (sladlylylb Sy

Dlsne o5 atlise 52y 99 iy S sladlliil ool
Jole e g ol 000 98 (YL o] 0 ojlar S oS sladglels
Gh9y & oo, sledgdgil nl el doys 2.73 T jo 58 JeS e ,S
I dele g5 ol (g, g wlead i oleend DLl Cgw,

Ol il oo 128- LU g9 5l Gaiizs cpl j0 S oads oolatul oy,
ot ol s Conglin Sl ol o iy Sl 3 05
S8l e ) epdle amse ol s ) L, e
Oty Fr 3 ($0S Sdlgloil i (SusSTy s (Sl (n)) 4y
el 48,5 0 0 Ol S 5o S0 e oa adg gl Sl (oS 51l
A%z | ol e 50,5 slodlgsil il (5,5 o3l glice
Psb 5 05, Sl oS8 cole &5 088 oy taSid oy Jelw

Gedod ol j0 0ol a8 TS a0 o ST S sledlgdgil Slasie 1 Jgu>
Table 1 Specification of SWCNT s that have been used in this study

xS ojll oole Gloogas
Obely g o 1-2nm S
obely ozt il 0.8-1.6 nm IEA A
Obely g o 1.1nm S
- 5-30 um Jobo
R ~2.1g/lcm® S5

- > 100 S/cm SSll Cglaa

- 50-200 W/m K R JESTCNRVS

- olew 5,

Sl o il >9 lg/lg

! Vector Network Analyzer

5o ke 16 )93 1395 SIS po ()30 Sl Swiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.5.6
https://mme.modares.ac.ir/article-15-1180-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.5.5.6 ]

ol Gis )3 Jga) 9 Soabla Lo e S

oSl 33b S puubliie 9 il Zlgel w33 s (S 93l (3250 Jians )3 0132 ST S SLoAgIeil Huli () 2

Fig. 5 A view of molded samples.
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Table 3 Compare percent absorption in the samples containing 1, 3 and
10 wt% of carbon nanotubes
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Fig. 10 A via/v of the X-band waveguide and waveguide test withoﬁt
putting sample in it and recording the values obtained for the Open
Load calibration step
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Fig. 11 1) Front view of Device 2) The device is ready for
measurement 3) Putting samples in waveguide and measuring the
amount of absorption
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Table 2 Amount of wave absorption in comparison with pure
resin in different samples

TERC ¥ [T IRV Wiges Slasuin

5 o)laiis 16 093 1395 sl po (e Suilse wiie

22.03320412 S Ayl s a1 ogl aigel
67.80882030 S Al s a0 3 osl aigel
362.7440942 S Al s a0 10 sl aisas

86


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.5.6
https://mme.modares.ac.ir/article-15-1180-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.5.5.6 ]

Lol YIS )3 o) 9 Fesbld Ld ke Sams oSl 3L ) Guablise 9,380l Zlgel 32 H3 S 93l (250 i )3 0)lda S )T LAgIeIL B () 2

Loss dB

18

16

14

12

Amount Of Wave Absorption

Pure Resin

10 eeeeee (.01 Wt%
SWCNTs
— 0.03 wt%
8 A SWCNTs
e ().1 Wt% SWCNTS
6 43
4 4 A‘ [ foo)
2 € Iy
O II'I'I'I'I'I‘I'I'l'l'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I‘I‘I'I'l'l.llll'I'I'I'"I'I'I
AOANS AYA MDY ANVE ARD GNP AFF 48T VY 4.8 Ve e 8) YA L FVY RN ABYY cFY Y YFYI Y FYAY FY 1Y A VY 44
Frequency (GHz)
Fig. 12 Amount of wave absorption in different samples
Solaie sle diges ;o zlgel iz i 12 JS
2000 - S
ol
-
1800 A &
o =
N 9 . 2
= N = N
1600 - = N 5 -
= = S
o 2 e a9
N o [le} w
w 5 2 B it
1400 - S RPN o
S E s o B8 G
o X o 2 ©
> 1200 - = 5 3 g 8 3 8
—_ = o)) S ¢ ol
g 3o © 3 ® $ Sl ls ——Sample
£ ol 8 3 N = X q @ @ & Containing
£ 1000 4 B g 2 3 = @ 5 5 8 N 0.01wt%
g o @5 P X © N N SWCNTS
£ 5 w o 8 B =
& 800 - e 2 & N ® Sample
Q Sllo x < ™ = Containing
Q % 3 3 0.03wt%
600 - = b & SWCNTs
= &
D o
< 2
4 oo
400 = 3 1583; 193.45305
11606; 198.92757
200 -
0 -

FFO OYD.D FoF FAFD VEY APV YA Y+ oA DY AGIIFA DYYA AP VPN IFAY 21OV IFAY DYVYY
Wavenumber Cm?

Fig. 13 Micro Raman Spectroscopy for samples containing 0.01 and 0.03wt% SWCNTs
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Table 4 Heterocyclic peaks related to D and G-band for samples
containing 0.01 and 0.03wt% SWCNTSs
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