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ABSTRACT KEYWORDS
This work reports on the preparation of composites based on different in Natural rubber;
chemical nature elastomers (natural rubber and siloxane) filled with different Siloxanerubber;
amounts of fillers (furnace carbon black, titanium diboride and hybrid com- Nanocomposites;
bination of furnace carbon black and nanosized nickel powder) and investi- Pressure sensors.

gation of the changesin their volume resistivity depending on applied pres-
sure on the composites in the regions 0-35 kPa (low pressures) and 0-100
MPa (high pressures) to evaluate their pressure sensitive properties. It has
been established that when applied pressure is higher than 10 MPa (in the
0+100 MPa range) the volumeresistivity of all composites studied depends
slightly or almost does not depend on pressure no matter what the nature of
the elastomer matrix and filler is. It means that the composites are not suit-
able for pressure sensors at high pressures. In the 0+35 kPa range all com-
posites are sensitive to pressure changes. In most cases the character of the
dependences is linear and reversible. The increase in filler concentration
and pressure applied leads to avolume resistivity decrease, i.e. at low pres-
sures some of the composites could be used as pressure sensors in ortho-
paedics and in other fields of medicine. The composites based on siloxane
rubber and filled with carbon black are the most suitable for sensors of al
studied. © 2012 Trade ScienceInc. - INDIA

INTRODUCTION Alternatively, eectrically conductive compositesand
nanocomposites, have been successfully prepared by

Electricaly conductive polymersaresubject of in-  adding conductivefillers(such ascarbonblack or meta
tensvestudiesduetothegreat interest intheir techno-  powders) to apolymeric materia. Thiskind of materi-
logical applications. On the other hand, being of low  ascould beused as sensing elementsof flexible pres-
stability restrictstheir practica applicationtofew cases.  suresensors, gpplicableindifferent fiel dd'9, especidly
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in monitory therock pressure upon the support struc-

turesinminesand civil engineering tunnelsaiming at

prevention of caveinsand breakdowns. Running of such
activitiesrequiresto install agreat number of sensors
both along thegdlery (tunnd) and onitscross section.

Havingin mind the high priceof the sensorsused cur-

rently, such monitoringisoften omitted duetofinancia

reasons. Sincethe production of pressuresensorsbased
on elastomersinvolvesonly technol ogical operations
traditional for rubber processing industry, it can beex-
pected to produce sensorsat aprice much lower than
that of the sensors used nowadays. Thelong lasting
stability of the characteristics of those sensors opens
possbilitiesfor their usagein devicesfor long exploita:
tion as control sensors for prevention of accidents,
caused by changesinrock pressure. Such sensor could
be also used to register the strain-stress state of dam
wallsand other important facilities subject to different
pressure’?, Inthe cases abovethe pressure gpplied on
thee astomer sensor isinthemegapascad (MPa) range.

There aredataof using elastomer based pressure sen-

sorsinmedicineand orthopedicsin particular®. Inthose

casesthepressureismuch lower — it is within the range
of kilopascals (kPa) up to 1M Pa. A new tire concept
has been a so devel oped. It isbased on measuring the
pressureinsidethewheel by anintegratedinthetire
pressuresensor. Themaininnovationinthisconceptis
incorporating thesensor into thetirematerid. Thistech-
nology opensthe opportunity of producing smart tires
inthenear future™.

The major requirements that the materials for
elastomer based pressure sensors should meet are:

1. Thedependencebetweenthevolumeresstivity and
the gpplied pressureshould belinear inawiderange
of pressure changes and reversible, without
hysteress,

2. Thechangeinthevolumeresistivity with pressure
changing should be great enough in order to guar-
anteethat thechanged vaueisnot intheerror range
of the adopted method for measuring the pressure;

3. Thevolumeresstivity of the composite should not
changewithtime, i.e. the propertiesof thedielec-
tricmatrix, aswdl asthose of the conductive phase,
should remain constant for alongtime; it means
that the effects of rubber creep should bekept in
mind.

4. Thechangeintheenvironment temperatureshould
haveanegligibleeffect onthevolumeresistivity of
the sensor material compared to that of pressure.
Thestudy of therelation between externa pressure

and thecompositevolumeresistivity isthekey tofabri-

cating thiskind of sensors.

Theworking thesisof thisstudy isthat theintro-
duction of asuitable conductive phaseinto the rubber
matrix at an appropriate amount could ensurethat the
volumeresstivity of thevul canizatesthusobtained will
meet the requirementsfor sensor materialsand may be
used successfully for production of pressure sensors.

Thiswork reports on the preparation of compos-
itesbased on different in chemical nature elastomers
(natura and siloxane rubber) filled with different types
of fillers(furnace carbon black, titanium diborideand
hybrid combination of furnace carbon black and
nanosi zed nickel powder) and investigationson their
volumeres stivity changesdepending on externd pres-
sureapplied with regard to use such of compositesas
pressure Sensors.

EXPERIMENTAL

Materials

Natural rubber/carbon black/nickel powder
nanocomposites

NR was purchased from North Special Rubber
Corporation of Hengshui, Hebe Province, China. Car-
bon black, namely N-220, of particlesizeabout 20 nm
wasused asareinforcingfiller. Other ingredients such
as zinc oxide (ZnO), stearic acid (SA), N(1,3
Dimethylbuthyl)-N’-Phenyl-p-Phenylenediamine
(Vulkanox 4020, produced by Lanxess), 1,2-
mercaptobenzothiazole (MBT) (Vulkacit Merkapto,
produced by Lanxess), and sulfur (S) were commer-
cia gradesand used without further purification. Nickel
powder supplied by Wako Chemical Company, To-
kyo, Japan with starting particlesizeof 10 um was used
asaconductiveferromagneticfiller.

Prepar ation of nickel nanoparticles
Thegartingmaterid for ball millingwasnickd pow-
der of above 99.9% purity. The nickel powder was

placedinastainlesssted viadswith stainlesssted bals
of 10mmdiameter. The bal-to-powder ratio 20:1 was
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usedintheplanetary mill (Marconi MA 350 bal mill) at
400 rpmunder argon amospherefor 6 hto obtain nickel
nanoparticlesof 20 nm averageparticlessize.

Preparation of rubber nanocomposites

Typical formulationsof natura rubber composite
compoundsarepresented in TABLE 1. First, mixtures
of carbon black with conducting nickel nanoparticles
were prepared by grinding them together inagrinding
machinefor 1 h. Thefiller mixingwith rubber was ac-
complishedinan opentwo-roll mill under identical con-
ditionsof time, temperature, and nip gap, with thesame
sequenceof mixingal compounding ingredients, inor-
der to avoid the effect of processing onthe properties.
Thevulcanization processof therubber compoundswas
carried outin an eectricaly heated hydraulic pressus-
ing aspecia homemade mold at 153°C, under pres-
sure of 150 kN/m? for 30 min.

TABLE 1: Formulationsof natural rubber based nano com-
posites.

I ngredients, phr Sample

1 2 3 4 5
Natural Rubber (NR) 100 100 100 100 100
Zno 4 4 4 4 4
Stearic Acid (SA) 1 1 1 1 1
Processing Qil 10 10 10 10 10
ﬁiﬁgﬁgiﬂ‘w’ d’;'r'c"e' 0/0 12.5/12.5 25/25 37.5/37.5 50/50
MBT 2 2 2 2 2
Vulkanox 4020
(6PPD) 1 1 1 1 1
Sulfur 2 2 2 2 2

Siloxanerubber/TiB, nanocomposites
Materials

Siloxanerubber namely ELASTOSIL ® R 401/30
produced by Wacker ChemieAG with high tempera-
turecure, density at 25°C - 1,1 g/cm?® and hardness of
30 ShoreA was purchased from North Specia Rub-
ber Corporation of Hengshui, Hebel Province, China.
TiB, with particlesize of about 50 nm used as conduc-
tivefiller wasreceived fromWako Chemica Company;,
Tokyo, Japan.

Preparation of rubber nanocomposites

The mixing wasaccomplished in an open two-roll
mill under identical conditionsof time, temperature, and

—== Fyl] Paper
nip gap, with same sequence of mixing of al compound-
ingingredientsto avoid theeffect of processng on phys-
ca properties. Severa batcheswith different concen-
tration of TiB, 0, 10, 15, 20, 30 and 40 phr, respec-
tively, were prepared.

The vul cani zation process of the siloxane rubber
based compounds was carried out in an electrically
heated hydraulic pressusing aspecia homemademold
at temperature 195°C and under pressure 150 kN/m?
for 60 min.

Siloxanerubber / carbon black nanocomposites
Materials

Siloxanerubber namey ELASTOSIL ® R 401/30
produced by Wacker ChemieAG with high tempera-
ture cure, density at 25°C - 1,1 g/cm? and hardness of
30 ShoreA was purchased from North Special Rub-
ber Corporation of Hengshui, Hebei Province, China
Furnace carbon black namely N-220 with particlesize
of about 20 nm used as conductivefiller wasreceived
fromAlexandriaTrade Rubber Company, Alexandria,
Egypt.

Preparation of rubber nanocomposites

The mixing wasaccomplished inan open two-roll
mill under identical conditionsof time, temperature, and
nip gap, with same sequence of mixing of al compound-
ingingredientsto avoid theeffect of processng on phys-
ca properties. Severa batcheswith different concen-
tration of carbon black 0, 10, 20, 30 and 40 phr re-
spectively were prepared. The vul canization process
of the siloxane compoundswas carried out in an elec-
tricaly heated hydraulic press using aspecial home-
made mold at temperature 195°C and under pressure
150 kN/m2for 60 min.

Char acterization and measur ements

Volumeresistivity measurement

Volumeredigtivity (p,, €2.m) of the obtained flat rub-
ber based samples, was measured using two e ectrodes
(2-termina method) and cal cul ated by the equation:
p,=R,-S/h @

where:

R, - measured ohmic resi stance between the el ec-
trodes, Q;

S—cross sectional area of the measuring electrode,
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h—sample thickness between the electrodes, m

Determining the volume resistivity at low pres-
sures (0-35 kPa)

Measuring electrode

Therraohmmeter
Sample —= — I
'R

Valt electrode
Figurel: Schemeof laboratory equipment for volumeress-
tivity measurement at low pressures

The equi pment presented schematicaly on Figure
1 was used to determine the volume resistivity as a
function of the pressure applied. The pressureinthe
givenrangewas changed by usng measuring dectrodes
which different masswasexactly caculatedin advance,
so that the samplewas subjected to 5, 10, 15, 20, 25,
30and 35 kPa, respectively.

Theresistancewas measured by atherraohmmeter
Terain 1l (produced in Germany), using direct cur-
rent.

Thecurrent voltagewas 100 V. Theres stanceval -
ueswere measured 1 min after the current switching
on, whentheresistance valueswasa ready stabilized.
The measurementswere carried out at ambient tem-
peratureincreasing and decreasing the pressurein or-
der to determinethe presence or absence of hysteresis.
The samplesused had aform of acirclewith diameter
of 90 mm. Their thicknesswas2 mm.

Deter mining the volumeresistivity at high pres-
sures (0-100 MPa)

The volume resistivity was determined by the
equipment shown in Figure 2. To avoid diameter
deformation at high pressuresthesamples(intheform
of cylinderswith diameter of 15 mm and height of 25
mm) were placed into aspecial steel measuring cell
(Figure 3) upon which the desired pressure was
applied, using the dynamometer shownin Figure 2.
Thechangesintheheght of thesamplesweremeasured
by micrometer and the correct valueswere used in
equation 1.

o

Micromeler

Figure2: Laboratory equipment for p, measurementsat high
pressures

: : Pressure ;
Laminated fabric Piston
capsule l -
L
;f/
\\ ]
Ohmmeter
Sample |
//(/J.
Steel capsule E B
e
[ S
Pist,
Pressure i

Figure3: Ameasuring cell for determining p at high pres-
sures

RESULTSAND DISCUSSION

High pressure

Figure 4 showsthe dependence of the specific vol-
umeresistivity (p ) of aseriesof natural rubber based
vul cani zates asafunction of theexternal pressure ap-
plied.

Thevolumeresdtivity of thenon-filled vulcanizates
decreasesdrasticdly from 10%to 103 Q.m. inthe 0+30
MPainterval. After that up to 130 MPa itsvaluere-
mains constant. Having in mind that the electro con-
ductivity of thenonfilled € astomersisoften redized by
50 called hopping mechanism, the higher pressure short-
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Figure4 : Volumeresistivity (p ) of natural rubber based
vulcanizatesasafunction of theexternal pressureapplied

140

ensthedistance among the macromoleculesand asa
result lessactivation energy isneeded for e ectronshop-
ping, which decreases considerably volumeresistivity
vauesintherange0-30 M Pa. However, afurther pres-
sureincrease stabilizesthe e ectro conductive structures
(and so called conductive paths) leading to formation
of amore dense changeres stant structuresunder the
condition of increasing compression (from 30till 130
MPa).

Fromtheother hand thestructuredensification, when
12.5 phr of fillers are added may be connected with
filling thefreevolumesintherubber matrix which hinder
thecurrent carrierstransport. For that reasontheress-
tivity of the composite, containing 12.5 phr of fillers
increases in comparison to one of the non filled
vulcanizates, but theinitia volumeresistivity (without
externa pressure) doesnot change.

Theobtained resistivity vauesare dueto the addi-
tion of 12.5 phr carbon black and nickel powder tothe
vul canizates. Mogt probably at the given concentration
thenumber of filler particlesissmdl, hencethey arejust
trapsfor thecharge carriers. For that reason theresis-
tivity increasesin comparison to the one of the non-
filled vulcanizate.

When thevulcanizateisfilled a 25 phr, itsvolume
resistivity without external pressure decreases
drasticaly. to 10*Q.m. On one hand the higher filler
amount introduces additional charge carriers. Onthe
other hand, the higher filler concentration and the
reached percolation threshold are parted by the

—= Fyl| Paper

formation of associateswith the macromolecules and
new additional conductive paths. The favourable
conditions are on account of the finer elastomer
membranes resulting from the macromolecules
distribution over alarger number of filler particles. The
resigtivity of thisvulcanizateisconsderably lower and
isaffected by thenew structureformed. Itsinitial value
of 1.9.10* Q.mdropsto5.10° Q.m at 5 MPa. The
increasein the pressureup to 130 MPa doesnot change
the dengity of the membranes separating the particles.
That iswhy theresgtivity remainsunchanged. Thehigher
filler amount of 37.5 phr decreases considerably the
initial resigtivity value. It decreasesto 10°Q.m at 10
MPa and does not change upon greater external
pressures. Thisresult dlowsthe assumption that volume
resstivity iscontrolled dso by thed astomer membranes.
Therigidity of thoselayersistoo high and ensuresa
constant resistivity at any higher pressure applied.

Whenthevulcanizateisfilled at 50 phr, p, decreases
from3.210°t05.6.10° Q.m.inarelatively smal pressure
rangefrom0to 5 MPa. Theresultsobtained about this
vulcanizatearedueto thewrapping of filler particlesin
evenfiner films.
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Figure5: Pressuredependenceof thevolumeresigtivity (p )
for siloxanerubber vulcanizatesfilled with titanium diboride

All theresultsshow that theincreasein the number
of conductive particlesin thecompositesincreasesthe
number of elastomer-filler associates favouring the
current carrierstransport. The higher the number of
elastomer-filler associatesthelower the vul canizates
resistivity dueto the thinning of the membraneswhen
their number increases. The fact that the resistivity
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remainsconstant after acertain valueregardlessof the
increasing pressure allows the assumption that the
structure elementsare extremely stable and cannot be
brokentolet adirect contact betweenthefiller particles.
The changes in the resistivity of siloxane rubber
vulcanizatesfilled with titanium diboride caused by
compression (Figure5) follow the pattern of thosefor
natural rubber ones.

Theresdivity of thosevul canizatesdropsdragticaly
in the 0+5 MPa interval. As seen from the plot the
gpecificvolumeresdivity of Sliconerubber vul canizates
doesnot change considerably with theincreaseinthe
titanium boride amount. The pattern of the curves
overlapswith that for the non-filled vulcanizate. The
pressureincrease up to 10 MPa does not changethe
resigivity. Obvioudy thedectricd propertiesof thet type
of compositesare determined chiefly by the elastomer
matrix, wherein the electroconductivity isrealised by
ions and electrons. Under normal conditions the
electronsare not afactor determining theresistivity
values. But under higher pressure when the dense
structureisadominating factor, theionstransport is
hampered. In the case the electrical properties are
determined by the electrons movement which is
favoured by the better contact between the
macromolecules. The considerabledrop of resistivity
at applied pressure up to 10 MPa is due to this
mechanism. When pressureisincreased upto 60 MPa
the structuredoes not changeitsdensity, thereforethe
resigtivity doesnot changeeither. Inthe 60100 MPa
interva thedengty increasesconsderably and theaccess
to theelectron exchange sitesishampered. Theresult
isaresistivity increase.

The compositesof siloxanerubber filledwith N
220 carbon black have asignificantly lower resistivity
(Figure6)

Thepercolationthreshold for thosevul canizatesis
reached at 20 phr carbon black, determining the specific
volumeresistivity of 102 Q.m. Thenon-filled sample
and the onefilled at 10 phr carbon black reach the
percol ationthreshold at about 10 MPa. Under pressure
theresistivity of the non-filled sampleand of theones
filled at 10 and 20 phr carbon black increases. The
vul canizates structure becomes denser and hampersthe
chargecarrierstrangport. Thiseffect reved stheeectric
chargesin the compositesto be predominantly ions,

124
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-~ Silicon: rubber + 20 phr CB W220
—— Hilicome mubber + 30 phr CB W22ED
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Figure6: Pressuredependenceof thespecific volumeresis-
tivity (pv) for siloxanerubber vulcanizatesfilled with N220
carbon black

despite of their comprising carbon. When thefiller
amountisincreased by 30 and 40 phr theinitid resistivity
ishigher andincreaseswith pressure.

The curves pattern changesinto adescending one
and demonstrates the transformation of the electric
chargefromionic and eectronicinto only eectronic, as
the denser structurefavoursthe el ectronstransport.

Thegpplicationof high pressureuponthosesamples
islimited by their low tensilestrength. They break under
pressure of 50 and 30 MPa, respectively. According to
one of thetheories on elastomer reinforcement!*? the
high electrconductivity and the unsatisfactory tensile
strength of silicone rubber filled with carbon black is
dueto thefact that the cohesion interaction between
themacromol eculesisgreeter thantheadhes ontowards
carbon black particles. Thoseinteractionsdo not lead
to theformation of e astomer/carbon black associates
which aretheactive structure of enforced rubber. This
givesriseto domains of carbon black agglomerates
which get into ‘dry’ contacts between each other. The
elastomer barrier membranes do not facilitate those
contacts. That favours to a great extent the charge
carrierstransport. Regarding thetensile propertiessuch
astructureisnot favourableand isthereason for the
low tensile strength of the composites.

Theexperiments carried out under pressure higher
than 10 MParevea that the compositesinvestigated
areunsuitablefor pressure sensors, becausethe pressure
dependence of specific volumeresistivity isnot linear.
Moreover, the resistivity becomes irresponsive to
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pressureinawiderange.
Low pressure

Figures 7-9 show the specific volumeresistivity
dependence on pressure in the 035 kPa for the
compositesstudied.

AsseenfromFigures7-9inall thecasesstudied
theincreasein pressureandinfiller amount leadstoa
decrease of specific volume resistivity, although it
happensinadifferent way for each elastomer andfiller.
With pressureincreasethe specific volumeresistivity
increasesvery dightly, hardly noticeable, onlyinthecase
of non-filled siloxanerubber. It isprobably dueto the
lack of charge carriers and conductive pathways, as
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Figure7: Volumeresigtivity (p ) dependenceon pressurefor
natural rubber based vulcanizatesfilled with acombination of
furnacecarbon black and nanosized nickel powder
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Figure 9 : Specific volume resistivity (p ) dependence on
pressurefor siloxanerubber based vulcanizatesfilled with
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well astotheadditional densification of thestructures.
At very low amountsof filler the same effect hasbeen
observed by other authorg®3. It can be assumedthat at
low pressure and low amounts of filler the
el ectroconductivity of the compositeisdetermined by
thequantum mechanica tunndling™. Withtheincreesing
pressure and filler amount the rubber layers between
the highly conductive particlesget thinner. That brings
them closer and eventothepossibilitiesof contact, hence
to lower resigtivity. Theeffect ismore pronounced for
thesamplescomprising higher filler amount (20, 30 and
40 phr) wherein under the given pressure the filler
particlesareableto build denser conductivity pathways,
what leadsto amore considerableresistivity decreasd™.
Insome cases (eg. in compositescomprising TiB,) that
could also bean evidence of thetransformation of ion
conductivity into € ectron conductivity promoted by the
presence of TiB,. Supposedly TiB, is an emitter of
electronsinthe process of charge carrier transport®l,
AstheFigures show the siloxane rubber composites
filledwith carbon black aremost sengtiveto thechanges
inpressureand filler amount what hasbeen also stated
by other authorg*¥. The effects areless pronounced
for the natural rubber based compositesfilled witha
combination of furnace carbon black and nanosized
nickel powder. The least effect is observed for the
compositescomprising TiB,. Inanumber of casesat
applied low pressurethefunction resigtivity vs. pressure
for the compositesfilled with carbon black islinear or

e, Research & Reolews On

Polymer



30 Conductive rubber based nanocomposites applicable as pressure sensors

RRPL, 3(1) 2012

Full Paper ==

very close to linear. The siloxane rubber based
compositesfilled with carbon black aremost sensitive
to pressure changes. The specific volumeresistivity of
that typeof compositescomprising 20 phr carbon black
changesabout in4 ordersat apressureincreasefromO
to 35kPa A similar casearethenatural rubbersbased
compositesfilled with acombination of furnace carbon
black and nanosized nickel powder but at 50 phr. The
effect islesspronounced for thecompositescomprising
titanium diboride even a ahigher degreeof filling. The
changesin p, have been studied bothat increasing and
decreasing pressure but due to the absence of a
difference in p, values we present only a case of a
Sloxanerubber based compostefilled with carbon black
at 20 phr (Figure 10).
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Figure 10 : Specific volume resistivity as a function of
gradually increased and decreased pressure for siloxane
rubber based compositefilled with carbon black at 20 phr

Havinginmindthe absence of ahysteresisat pres-
sureincrease and decreasg, it isobviousthat some of
the composites studied could find application as pres-
sure sensors.

We can consder, that fillersused areincompressible
compared with natural and siloxanerubber. Therefore,
theexternd pressurecaninducetrandationand rotation
of fillers. To explain the complicated above mentioned
phenomena three kinds of changes in the effective
conductive paths of the composites asaresult of the
external pressure gpplied may be considered*3:

(1) Changeingap sizeinexistingeffectiveconductive
path: The compression makes the gaps between

two adjacent conductiveparticlessmaller, leading
to the decrease of the e ectrical resstance of exist-
ing effectiveconductive path.

Formation of new effective conductive paths: The
compression and theincreased filler concentration
make the gaps between carbon black particles
smadller, leading to theformation of new effective
conductive paths. Thiseffect contributestothein-
creaseof thenumber of effectiveconductivepath(s).
Destruction of effectiveconductivepaths: Thetrans-
verse dlippage of carbon black, caused by com-
pression, leadsto the destruction of effective con-
ductive paths. Thiseffect contributestothedecrease
of thenumber of effective conductive path(s).
Thechangesin effective conductive paths afore-
mentioned concur during compression. Thechange (1)
and (2) contribute to the decreasing tendency of the
compositeresstance. The change(3) contributesto the
increas ng tendency of the compositeresistance.

Intheinvestigations, described above, the exist-
enceof cregpinthematerid anditseffect ontheresults
isnot studied entirely. Creep isthe changein thedefor-
mation of rubber over timefrom an applied constant
forceor load. Itisaso called strainrelaxation*”. When
the strain or the strain rates are sufficiently small, the
creep responseislinear’*?. Itisknown that the rubber
compounding has agreat effect on the creep. Some
elastomersgivebetter creep resi stancethan other. The
chemical nature and concentration of thefiller, thetype
of crosdinksand the crosdink density haveaprofound
effect onthe cregp™. Inour investigationsat high pres-
suresaswas dready described intheexperimenta part
we useaspecia measuring cdl, madeof stedl, inwhich
the rubber samplewas placed to eliminate the effects
of creep. At low pressures the effect of creep is not
observed.

Asawholetheeffect of creep ontheexploitation
properties of rubber based pressure sensorsisnot dis-
cussed intheliterature. It will beasubject of our future
investigeations.

)

3

CONCLUSIONS

Thechangesinvolumeresstivity of natural rubber
and siloxanerubber based compositesfilled with dif-
ferent amountsof carbon black, titanium diborideand
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hybrid combination of carbon black and nickel powder

depending on applied external pressureintheregions

0-35 kPaand 0-100 M Pa have been studied to evalu-

atetheir pressure senditive properties.

1. It hasbeen established that when gpplying pressure
higher than 10 MPa (inthe 0+100 MPa range) the
specificvolumeresistivity of al filled composites
studied dependsdightly or dmost doesnot depend
on pressure no matter what the nature of the
elastomer matrix and filler is. That is why the
compositesof thetypesstudied arenot suitablefor
pressuresensors. Thecharacter of the dependences
isdetermined by the fact whether the respective
filler concentrationisbdlow or abovethe percolaion
threshold.

2. Inthe0+35 kParangeall compositesstudied are
sensitive to pressure changes. In most casesthe
character of the dependencesislinear. Theincrease
infiller concentration and pressure applied leadsto
aresdtivity decrease, i.e. inthispressurerangesome
of composites could be used as sensors in
orthopaedicsand in other fieldsof medicine.

3. Thecompositesbased on siloxanerubber andfilled
with titanium diboride are the least sensitiveto
pressure changes and are the most unsuitablefor
sensors. The compositesbased on siloxanerubber
andfilledwith carbon black arethemost sensitive,
next comethosebased on natura rubber filled with
acombination of carbon black and nanos zed nicke
powder. Those composites, especially theformer
arethemogt suitablefor sensorsof al studied. That
is confirmed by the linear and reversible
dependencies(lack of hysteresis) intheir case.

4. When choosing compositesfor pressure sensors
one should take account of the fact that the most
suitable arethose whosefiller amount isabout the
percolation threshold, preferably alittlebit bellow
it. Atfiller concentrationsquitebe | ow thepercol ation
threshold the pressure sengitivity of thecomposite
lowerswhichlessensitsprospectsfor sensor usage.
Reaching and passing thepercolationthresholdisa
crucia factor determining the suitability of the
composite to be used as a pressure sensor. The
resultsof our sudiesreved that the composite based
on siloxane rubber comprising carbon black at 20
phr isthe most suitablefor sensor applications.
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