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Research subject: The sensitivity of electrical conductivity of rubber/
conductive filler composites against swelling strains is a phenomenon
that can lead to the creation of sensors to detect the type or leakage
of hydrocarbon liquids. In the swollen conductive composites, the
variation of filler network structure reduces the Statistical frequency
of the tunneling and interconnection of conductive particles. This
behavior can be a sign for a solvent or hydrocarbon fuel detector
system the flexible sensors.

Research approach: In this study, nitrile rubber/graphite composite
samples with several concentrations (70,60,50,40,30,20 and 80phr)
of graphite particles were prepared and their electrical characteristics
were measured. The changes in the electrical resistance of nitrile
rubber /graphite samples were investigated based on increasing the
content of graphite particles, immerse to toluene, and repeating the
period of the swelling/recovery process for each sample.
Mainresults: The sensitivity of composites with higher concentrations
than the percolation threshold (53.5phr of graphite particles) to the
conductivity changes due to the swelling phenomenon is appropriate
for use in the sensor. Also, incremental changes in the electrical
resistance of the samples immersed in the toluene solvent were
measured and it was observed that all the samples were eventually
converted to electrical insulation. In order to study the repeatability
performance of sensor, samples with 70 ,60 and 80phr of filler were
swelled and recovered for three periods, which is less than the
conductivity of the sample before the second and third swelling process
compared to the conductivity before the first one. This difference is
very small in the sample containing 80phr of graphite particles. The
trend of change in electrical resistance is significantly different in the
second swelling process compared to the primary swelling. But there
is little difference between the third swelling process and the second
one. This phenomenon has occurred for all three samples, which can
be observed to be similar to Mullins effect.
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Table 1. Rubber properties and additives of nitrile/graphite rubber composites

Material Type Phr Manufacturer Brand Application
Nitrile rubber 100 France Krynac®3345F | Based rubber
Graphite particle Variable Graphite Parse 600 micron Filler
Stearic Acid 1.5 Acid Chem Palm1600 Activator
Zinc Oxide 5 Rangine pars Zinc Oxide Activator
Sulfur 1.2 Flexis Spider sulfur Reaction agent
N-Cyclohexylbenzqthlazlle- 1.5 Lanxess CBS Accelerator
-2sulphenamide
o=dly P jamlS (goauS y gaSi Lslw 1 p e cayy

cs=> Pl ol se a4y (x99 Merck, extra pure)
5 o =) adlae gl s Sy
5T o i St e jgnalS S el S

o ooy oola__wl

)’&_wa Aigod 6}L.weéLoT ufbg) 9 ul}_.o.Q.‘Ju Y-y

S5 o s s onlS
QLAJIQ_J;J)_W colw 4 Stle g0 oy Sbolse
yo—bie ay e Slw YO b,e 9 V0 , a8 L, WIS0AP
Sei¥ CjealS S sladiges (g3lowo el
Iy Lo coliwd ol ol ouds oolarwl el 57 | s
wbwao«);w Luo)g_ALgo).A.mf)d
u.C)_w)_u.us'_lb&J&(S_J)soLngu&)_ww_Ja,u
ool Ladiges el 6‘)_.3 el lo 1) o3l o
J=B (sosigbp 5 Dlomio 4 jpme Sy s o
oo oola il QL_.oﬂ eSS b colw S
JOxEXYF ol LU S ay JB o Ladsged .o
a5 V00 °C glos g jawast Vor L8 o o 28l
30 gip ezl SVl s CBy as B ¥ ue

e Blaize 45 5105 o 5 glases an SwY
590 o 5l Ll goals 1 oss Koo an cous |, )3
59 098 (6B &S )t o iy (S (o
B oy pralS Jyia 131, StV Sy jpalS
PSOURRVRR, 3P SOV- P S IO OV B SN | ) RWET g
Seeels 50 bl S A LSl Bds 1 095
Sl Olg=is dm ()] b 5 955 (om0 (g 2 005 )52
Kol o (S g e olnbe glo S (=L
(9 (S 3l (2 (S IS Eoglie Dl i
St lacajomelS jslate (s 5B o0 (B yme
s Sl ) bl ylia gyl S
65L> LchM.S}o.S Lgb_g G_Q),SJ‘ Q_asl.&o Dgdh o
Dy (oo et bl (gojl S8 A cl S
—wanglio ol —ws Ay a5 > o Ladige 4 oo
SRRy Pl Sjslome jo wiin Joals oS
G—Sojlail Lo T SO uSUl e aglin ol ts g azd S
G| FURPUES Iy S 51 KV IS0 Y S V) - RPN J
o=l N5y 9 ST i S jeelS (heglia
A Wlg oo Griod oyl 3l ol mols ol Ol s
I A )_.,..»L_SUa_u\ LgL@)LMo Seebw polwl olge

oy = (o (oiien (69,1 Sb Gagl (sl ah) o (g (oele aldad &


https://arcpe.modares.ac.ir/article-38-40184-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-05-06 ]

IvAlecil oo a3 5 o S il 5o 5 b i
S o St ey onals S S s tn
S S nglin Ly bl Jlaie 855 4o Sledlbl
ey ol 3l gl mal 55 0,38 oo Szl o
6 —So3lul I, (Digital HiTESTER 3256 HIOKI)
&l oiws ol 5wl sas solaiwl (SG xSUl coglie
39 e pB [y Ladiged Cnglan &l s (6, S ol
Jlail L el oo oolaswl 0 oy See8 Jlmws & jgloma
s s Lmesly 4y e g oS> (cLno
o Sl Caglin (i coads g (slddiges jo 00l
Do oo (§ S o3Il St Ci > )0 A Sged o>
oled 53 )95 S allolow )3 ged (Seiw iy e
Caglie Ol a5 cwl oo osls )1, 8 5g)es P> U
25k d diges (Al pyete L ol ped (e (S0 S

D (6 Soiluil et i slale; o diwen

ey g mlbs ¥

[ St S 592lS gl (oS0 SU Eaglie
Cnglio Ol p ot o g 0l (g Sojlal a8l S
OS99 Pl 0 jsbd sl asges I S e (S S
A el e} o

St G jguol5 0 S Olas i Y-
Lpdiges S0 ,iSdl Sl &l o (V) S Jlog—ad
l_mQT 30 0g2g0 Cdl T il S el bale o e |y

Do o lis
cdale polhsl sl ol oUlw, m 18l (YY) s e
Dg—ii g0 030l i Zgg a Ladigad ,o cdl 3 il
o ws o5l Cgaze A M WlS (5,8, s a
G| Iy B PR S LIS VP L S W TON O = EWIP P P-SU. 75 KH
cbale g anlys c Bl S cclale nlidlala wlg 4

i y3eolS (S S LE, kS 95 ey ]

Al o L ogd geools 1,8 B el ceoid g0
03,5 sloul (olS olad SV ojal L (5,5

b a sl 1) SOl jlas a sladl e LB
CdlS sl gie g iloseel Sgrty s9Laie 4y
)| solas ‘L_> ‘)L..u )_, <L_.: g y)o
L a5 0 50 yoolie jo cdl S oo S 5wl 8 ol
A28 0 Hloy o an Sile (g9, 1 o s Sy
o aiBual 4,0 4+°C sleo L5 a0 F+°C sl
30 ol lotl C Bl S S 0, S 0,5 Bua Ly ol
Ol 5 0g—d e ] )8 o (59, b il sl
AO°C YL as o Oy L g 99, o0 Y Lo p8
A g 0o las ol 5l ojal 09— slsul o jal ;o
WS colpwl e gles o el ¥V JBlas Gas
Sles 4835 ¥ Sae ,00+°C slwd jlcgam gad> 10 4o
oBws 59y ;= V¢ +°C slod j0 ojel A iBs Y Sos
as |y Lol desojal o5lwoolel 5l om0 by I
Colw Gl e g 0ol cal i ul celw vz Gas
Ladigel Colw (glm diads aud 8 \Sa S dgel
Elo Sy aud oy oS s 0 esmae B
el oo oolaiwl 4880 ¥ ue a0 VOOC sl o

oS Olaseio s Y-Y

ol S BST i S (0 j9alS sLndiges
Ay (V) JSs asle o8l 3 5l oglate slacdale
Sg—is g0 ol i (V) JSo o aS 5 b lan .ol
J—>1s 50 6, F B a8 BB o e OVl
Cgr |y omolio JLail ailyzy 45 5,8 o 1,8 0je]
DS sl Laaiges Gl 1 (S xSl Gl o JLisl
WA By Hlid coon B 5 0 Ladigad
Soglie (s —Sojlul by, o)l gk (V) S5 0
ey Bl Sy S j5pelS slmaiged (S Sl

‘&)L) ‘S_Ausw)_u.uu_:)wls ‘S{L;L_.AAJ))_{O\ f)_,

s —Soslal by, ol il ool a8l 0 a5 s

oo YLl o] e 4y ST i St S janelS diged ) JSS
Figure 1. Nitrile/graphite rubber composite sample with copper joints
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Figure 2. Experimental set-up for measurement of electrical resistance of Nitrile/graphite rubber
composite samples as function of swelling time.
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Figure 4. Variation of electrical resistivity of nitrile/graphite samples containing 70,60 ,50,40,30,20 and
80 phr graphite versus the time of swelling in toluene solvent during the first immersion in solvent
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Figure 5. Variation of electrical resistivity in samples containing 70,60 and 80 phr versus immersion time
in toluene solvent for three consecutive recovery-swelling
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