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ABSTRACT

This work aimed to study and to develop EMI shielding materials based on radiation-vulcanized natural
rubber latex (RVNRL) with the addition of multi-walled carbon nanotubes (MWCNT) (0, 2, 4 and 6 part per hundred
parts of rubber; phr) and the use of silk fibers to improve both mechanical and electrical properties of the materials.
The results showed that the addition of MWCNT led to the decreases in tensile modulus, tensile strength, and
elongation at break, but increased the values of hardness and electrical conductivity. In addition, the use of silk fibers
resulted in the increases of hardness and tensile strength in the composites with 6-phr MWCNT, which presented
highest electrical conductivity. In summary, the overall results suggested that the uses of MWCNT and silk fibers
improved overall properties of the MWCNT/RVNRL composites, presenting the potential to use the developed

composites as EMI shielding materials.
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Material/Chemicals Supplier/Company

NRL (Natural rubber latex) 60% Rubber Authority of Thailand
MWCNT Richest Group, Shanghai, China.
PDDA (Poly(diallyl-dimethylammonium chloride)) 20% Chemical express Co., LTD., Thailand.
SDS (Sodium dodecyl sulfate) 90 % Chemical express Co., LTD., Thailand.
NH, (Ammonia) 1.5% Gammaco Co., LTD., Thailand.

KOH (Potassium hydroxide) 10% Gammaco Co., LTD., Thailand.

H,SO, (Sulfuric acid) Scitrader Co., LTD., Thailand.

HNO, (Nitric acid) Scitrader Co., LTD., Thailand.

n-BA (N-butyl acrylate) VIV Interchem Co., Ltd., Thailand.
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M 3 Llﬁﬂ\?ﬂﬁﬁijﬂ’JNLLFjUfJNﬁJ‘]JL’C%’}uGlfJ]lWZJ

mM3nsvaavlnsadsgamanazantfmanaves Taqtalsznoy MWCNT/RVNRL

MR iaaFalsznoy nagoudnEAULNIINENINLAZANY LN NTUTIUINGIA10nA099aNTTAMT
91ANATOULLUTDINT1A (Scanning Electron Microscope; SEM) 910150 Philips 1 XL30 ﬂixmﬂtﬁﬂu oy
m’da‘uauﬂ’&%aﬂaﬁ'mmaﬁ’ﬁmﬁa (Tensile modulus) mﬁéﬁumuuiqﬁa (Tensile strength) Lﬂaﬁ'ﬁuﬁmiﬁﬂﬁa
2 A9 (Elongation at break) A1UN1ATI1U ASTM D412-06 ) Ellﬂdﬁi'ﬂﬁ Universal Testing Machine 1NUTEN
Shimadzu §1 Autograph AG-1 5kN Uszimadtju Taslda1u321un1374 500 mmvmin uaznageuaIAWUT
(Hardness) A1 U191331U ASTM D2240-03 (Shore A) ﬁlﬂﬂlﬂéﬁﬂ Hardness Tester éu GS-719G 91AUTHN Teclock
Uszmnadjiu

msnagevantamsilihvesiagdalszney MWCNT/RVNRL

IWauandnd llinszuansannaseaduiiadng 1 f1ge (High voltage power supply) 810
KEITHLEY §U 247 @NuAFndi19im1i 500 V) lauruiaa¥alsynoy MWCNT/RVNRL #11n1539
aszua 1 (Current) #1168 Taolin3esianszualilihauazidoaseduiilauoniald (Pico-ammeter) 5¥0

KEITHLEY §u 6485 fu2sif1nainudun1udaifsunas (Volume resistivity; P) aAmaumsih 1

AXV

,D=w (D

A A XA 4 9o oo ' 5
Tagh A Ap NUNHINAARIDEN (cm)
A ' o g Yo o '
v 719 ANNARANeN IR UG19619 (V)
A9 ANUNUIAIBE (cm)
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9
@ 1

d’l = o . .. = v o Jdo 1 A
nail Anenm 31 Wi (Electrical conductivity; ©) Ianuduiusium P MmuANNITN 2
o =-
P
awv
Wan13I3IvE

Tnssadsgamanazdugvinevesiagdalsznoy MWCNT/RVNRL

HV 15kV X 100 ——————— 400 um HV 15 kV X 1000 400 pm

RVNRL/Silk

2 phr MWCNT/RVNRL

v

HV 15kV X 1000 400 pm HV 15kV X 1000 400 pm

4 phr MWCNT/RVNRL 6 phr MWCNT/RVNRL

(M) )

21 4 Tssadndugiuineninndosganssmisianasounuudeansia (SEM)
(M) Taqura1sznoy RVNRL/Silk
(%) Saaiialsznon RVNRL fidnasdaiiu MWCNT U3uies 2 phr
(A) SaquBalsznoy RVNRL fifnansdauiiu MWCNT U3u1ei 4 phr
(1) Taqur1lsenoy RVNRL fiRyan IRy MWCNT 1310 6 phr
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audAFsnanazandamsinlnihvesagidalszney MWCNT/RVNRL

m319f 3 auiadanavazanianmsii lihvesiaqFalseney MWCNT/RVNRL (= SD)

MWCNT Mechanical properties Electrical
Sample content  Tensile modulus Tensile strength Elongation at break Hardness conductivity
(phr) (MPa) (MPa) (%) (Shore A)  (x107)(S/em)

NR 0 0.33+0.03 3.214£2.14 1030 £16 20 +1 1.39 +0.60

0 0.53 +0.02 17.22 £1.11 1340 £10 21 1 3.88 £0.23

2 0.42 +0.05 5.75 +0.68 1044 £20 26 +1 4.24 +£0.20
RVNRL

4 0.54 +0.03 5.76 £0.83 1070 £33 27 1 4.35+0.21

6 0.53 +£0.04 3.39+0.37 675+26 32 +1 4.37 £0.21
NR/Silk 0 0.98 +0.09 2.24 +£0.02 34.0£1.3 28 +1 0.03 +£0.12

0 1.49 +0.24 7.04 £2.06 38.0+£2.9 33 +1 0.07 £0.01

2 0.77 £0.03 4.85 +0.10 24.4 +0.1 34 £2 4.40 +£0.27
RVNRL/Silk

4 1.00 +0.06 4.25+0.21 23.1 1.1 35+1 5.08 £0.26

6 0.97 £0.13 5.10 £0.54 25.0 +1.1 42 £2 6.94 +0.48

anlnanazazlnamside
autamsinluihvesdaqiBalszney MWCNT/RVNRL
1 1 H 9
A0 2 Ta9ae1/sznon MWCNT/RVNRL nimsdiunlasuilsunaemsdauany MWCNT a0,
A ° A = o a 44 X A v A = wa °
2 4uaz 6 phr ismsi lihgeiuawlSnamsdrauimuiu ieannasdudy MWCNT Jautianisih
~ "W A g ' o ' ' A o
TWihngeniriaaersiidunuau i @insi lidves MWONT agsenane 10%10” S/m Tuamzndages
v v !
'l Barmsi Il sgana 107 s/m) daiudielimsiduarsdaudiy MWONT Tudaqets Seaamasinld
Aa g 4 ~ o 1 3 o U o 2 =3 A
sianasou (nszud 1) aunsamaeunludinarlaieiu ldamai ldihgauaulSinamsmuais

]
oA

P1AY MWCNT Tagnan3sasowuan ALf3una 6 phr vo4 MWCNT Fufluilfainagegaves MWCNT #lFlums

@

v 9 ]
3o Fuauiaimsi ldihgege duiu a1saudy MWONT gwnsosamuanuamnse lumsi i lds

y v v
A

v Y '

Fuawlaavu et luguanilidule vumes lldiduleny oduleTnudaimsi Tidlszunm 1.96” s/m)
i3 v Y i)

welimsaiuensdodule luudanaliiaimsi lddunuiuiiesnndu lo Tuudismsi idhganniagens

Wl Fadanadaemaii lldszgad 15 lumsdauniduagifestumssuniuvesnaumimanlulvh

andfmInavesTaq¥allsznoy MWCNT/RVNRL

a

NHANINATOUANIAIFINAVDITTF 2N MWCNT/RVNRL Adaad lua13199 2 nimsiu
A3AUAY MWCNT TagdsunlasutSunai 0,2, 4 uag 6 phr HUINMIANAITAAAN MWCNT aanailian
-4 A o ' o = ' Y = o a a 9y A
WoIFUANTEAA & AVIA AWDAAALIIAL HAZAIANUAIUMULIIABITTF)sEneuluu TiuNanaq
A o a ' a o an o Y A a o a a4 4 X2 °
1Hi0991INa1sA AN MWCNT ldamnsainaduasnsennuen’la wazilomuasanaululSnaimuiu 019

IinamstmznquiveseIduANR 100 UB (Filler-filler interaction) Dedawarh 1 msdaimzsenaeasduan
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o A o 2
AUNNS AFUDIO1ALNITNTLINEAIVOI MWCNT TuFuaiuanas (Boochathum, Rongtongaram, 2016) N15tN1

! a ¢ < /a2 :
NQUU9I MWCNT 1u!Nﬂiﬂ“ﬁm\iﬁ?llﬁﬂllﬂﬂmuulﬁ’ﬁ]1ﬂﬂ1Wﬂgﬂﬁﬂaﬂiiﬁuﬂlaﬂ@liﬁ]ulmﬂﬁ@ﬂﬂﬁﬂ (SEM) 7w

A d’l A a v Aa [ o Y o a <3 A 43' A A 43'
N 49-43 UBNIINU LUBDIANTITAUAN MWCNT ganam ldiaalmanuuI NI UM INLT N MWCNT Mwyvy

a

¥ dy 4 v A < Aa < 1 1 1 @ a
mmﬁmmﬂmimmu MWCNT LﬂufJHﬂ1ﬂV}3Jﬂ’JWIJ!L"IN (Rigidity) [ ﬁ'\?Nﬁiﬁﬂ1?1’.)11J!Lﬂi\ﬂﬂﬂi’]ﬂ"ﬂ@\i’]’dﬂlﬁm
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P

2 A =) a dy 4 o A g [ a o a
Fuaui hiimaaumodulelvy ililosnmduleTnushwrhndudeSuns g (Reinforcement) luiagid

A < A "o ' ° 2 = 2 Aa A X '
1U52naue1 uazumAMULYS (Rigidity) NFINNITAYN ﬁ\iﬁ\iWﬁﬂ']elﬁ)“]ju\i']uiJﬂ'JHJL!GUQﬂN?IﬂUﬁ?N!WN%H au

J A o

1 J 1 A A 4 @ = A
Ao iduanistad & A1 nazAINURIUNIULS IRTiaNanas e nTaqdule Inulianiaaiw
A ' ° A a @ a = U o Yo a = A o A [ VA
gangud iwemyluiagalszneues Wedenarm v daqralsenevealinsadiuazgaiguanad uaiio
#9131379159152n0U MWCNT/RVNRL 7151181 6 phr WU1AMMINA I UN UL IAv0ITaqIBalszno
MWCNT/RVNRL a3 uusasaodulo Ivudisinnusuniuussdsiganiniaqdalsznoun lulinsaSuns
aedu el

A A Aw < 9 o a A °
ieNnsanamsitelagsw ulan a1sdady MWCNT aansaiuanuamisalumsii i

v a a o a A2 X A a ; : o 7
YouTaqFalsgneusaulSinamsduauimniu (gegany3ua 6 phr) Funngaemsti ldsegna ey

E4
A

o 3w o A ] ¥y 1% va a '
miwmuuﬂmaﬂﬂamumiﬁ‘umumﬂﬂammmaﬂVlWﬂﬂﬂ !!@lﬂﬂua’ﬂﬂﬁw\iﬂaiﬂﬂiﬁi\l IﬂﬂLﬂW1$ﬂ']ﬂ'l§
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=

Y 2K A a v A =3 a [ gz A Y v a
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