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Apaksprojekta galvenais meérkis:

1) izstradat inovativu hibrido poliméra
nanokompozitu materialu dizainu;

2) izstradat iegiiSanas tehnologijas;
3) izgatavot Sos materialus un

4) izpétit to ipasibas, ar meérki pielietot tos
elastoplastisku elektronisko sensoru izstrade.

Sis prezentacijas mérkis ir iepazistinat ar VZPP izpildes
pirmaja gada paveikto:

Apaksprojekta 1. gada uzdevumi:

1) Izgatavot pilniba superelastigu spiediena sensora
elementu;

2) lIzstradat jaunus etanola sensormaterialus ;

3) Panakt OST sensora efekta jutibas un ilgdarbibas
parametru uzlabosanu.
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Motivation 1s to develop completely flexible (hyper-elastic)
pressure sensor, for example, soft mater tactile sensors for robotics.
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http://www.gadgets.co.uk/item/USBRK/USB-Flexible-Portable-Rubber-Keyboard.html
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< 1. Some general concepts

Mechanism of electrical percolation
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Percolation — formation of infinite conductive particle cluster

Piezoresistivity — changes of conductive network under pressure
that results in changes of electrical resistance of composite

L4 L4 Ld 0 O O (
Tensoresistivity — changes of electrical resistance under tension )
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Positive piezoresistivity effect: electrical -
resistance rises versus uniaxial pressure.

Negative piezoresistivity effect: electrical
resistance decreases versus uniaxial pressure.

Positive tensoresistivity effect: electrical -
resistance rises versus uniaxial tension.

Negative tensoresistivity effect: electrical
resistance decreases versus uniaxial tension. -

r M
Gauge factor: G = lo — R,
g

A
7
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Design and preparation of our first samples
(~ 7 years ago)
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Components:

1) Polyisoprene (PI) matrix (Thick Pale Crepe wujp
No. 9 Extra, MARDEC Inc.)

2) High structure nano-size carbon black (CB)
filler, extra-conductive (Printex XE2, DEGUSSA AG):

mean particle size: 30 nm; surface area: 950 m?/g;
DBP absorption: 380 ml/100g \ W 4

3) Additional ingredients (S, ZnO...)

Processing:
Polyisoprene, Printex XE2 and additional 6 6\

ingredients were mixed by cold rolls. ——)

Plates 1.5x10 cm?, 1--2.5 mm thick, were vulcanised
at 140°C for 15 min under pressure 30x10° Pa.
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%4
Setup for investigation mechanical sensing
properties based on ZwickRoell Z2.5 and data

acquisitions switch unit Agilent 34970A
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T
g First results: Positive tensoresistivity effect

Electric resistivity as function of
HSCB concentration =
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M Knite et al, Sensors and Actuators. A: Physical, V110/1-3, 2004, p.142-149. "
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Explanation of positive tensoresistivity effect

—v— 20 m.p. of ECB

—=— 15 m.p. of ECB

11 m.p. of ECB

—e— 10 m.p. of ECB
(1.cycle)

10 m.p. of ECB

Conductive CB channels are destroyed /

under uniaxial tension: resistivity raises sws 17
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First results:
Unexpected for us a positive piezoresistivity
effect has been observed.

Why?

9 —=— cikls10aug 10 Cycle

Electrodes S
— 5 ]

Impedance ' Press | .
Analizer Machine "

6 0 u

L] n
1 2 = 1 cycle
Insulator 5 T T T T T T T T T
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p,MPa

_~Pressing force

M .Knite et al, Sensors and Actuators. A: Physical, V110/1-3, 2004, p.142-149. .
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Explanation of positive piezoresistivity effect

Conductive CB channels are destroyed

under uniaxial pressure: resistivity raises = "o o o o, o6

p.MPa
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Our first papers
in this field:
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SCIENECE &
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ELSEVIER Materials Science and Enginsering C 19 (2002) 15-19

wwwelsevier com /locate /msec

Electric and elastic properties of conductive polymeric nanocomposites
on macro- and nanoscales

Maris Knite ** Valdis Teteris *, Boris Polyakov * Donats Erts ®
* Technical Physics Institute, Riga Techmical Universiyy, 14 / 24 Azenes Swr., LV-1048, Riga, Latvia
¥ Tustitute of Chemical Physies, University of Latvia, 19 Rainis bl. LV-13586, Riga, Latia
Knite, M., Teteris, V., Polyakov, B., Erts, D.
Electric and elastic properties of conductive polymeric nanocop
(2002) Materials Science and Engineering C, 19 (1-2), pp. 15-19( Cited 25 times.
doi: 10.1016/50928-4931(01)00410-6

| Abstract + Refs | |View at Publisher|

acro- and nanoscales

Available online at www.sciencedirect.com =
sclENcE@DIREcT‘ ﬁﬂu%%gs
Py .- SCOPUS
ELSEVIER Sensors and Actuators A 110 (2004) 142-149 . PHvsieAL
www.elsevier.com/locate/sna d
ata

Polyisoprene-carbon black nanocomposites as tensile
stramn and pressure sensor materials

Maris Knite®* Valdis Teteris?, Aleksandra Kiploka?, Jevgenijs Kaupuzs®

Knite, M., Teteris, V., Kiploka, A., Kaupuzs, J.
Polyisoprene-carbon black nanocomposites as tensile strain and pre
(2004) Sensors and Actuators, A: Physical, 110 (1-3), pp. 142-149
doi: 10.1016/j.sna.2003.08.006

| Abstract + Refs | |¥iew at Publisher|

ansor materials
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I1. Development of composite design and technology
1) Improvement of nanoparticle dispersion methods in matrix

Only cold roll mixing of
@ i" - O m HSCB in polyisoprene
. Cold rolling
timuﬂﬁ " sample
= s

| Elastomer i Colel rsllimgy
ngredianis SCR
[ i, duila g dgwli O

s Mechanical mixing of HSCB in
— chloroform solution of polyisoprene

US mixing of HSCB in chloroform liquid

J.Zavickis, A.Linarts, M.Knite, Proc. of Scient. Conf. of Young Scientists on Energy Issues 10
2010, Kaunas, Lithuania, May 27-28, 2010, p.408-415, ISSN 1822-7554
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1) Improvement of nanoparticle dispersion methods in matrix

t CYSENI 2010, May 27-28, Kaunas, Lithuania
)| ISSN 1822-7554. www.cyseni.com

THE ELECTRICAL PERCOLATION SHIFT IN POLYISOPRENE —
NANOSTRUCTURED CARBON COMPOSITE

J. Zavickis, A. Linarts, M. Knite
Riga Technical University
Institute of Technical Physics

CYSENI 2010, May 27-28, Kaunas, Lithuania
ISSN 1822-7354, www.cvseni.com

The critical concentrations (@) corresponding to the percolation threshold were found

=
out for all types of PNCCs (Fig. 6.). E'
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Fig. 6. The specific electrical conductivity as a function of filler fraction for differently
prepared PNCCs and their critical concentrations @
J.Zavickis, A.Linarts, M.Knite, Proc. of Scient. Conf. of Young Scientists on Energy Issues 17

2010, Kaunas, Lithuania, May 27-28, 2010, p.408-415, ISSN 1822-7554
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2) New filler - multi wall carbon nanotubes MWCNT

Carbon black Carbon nanotubes (Aldrich 636835),
(Printex XE2, DEGUSSA AG) nm, ID = 5-10 nm, length = 0,5-500 pm.

Positive Negative
piezoresistance piezorezistance
effect effect

1200-
1000 10 mass parts of HSCB 14.5 mass parts of MWCNT
8004 First cycle A ° 1st cycle ]
[vd
o° 600+ X
& / % Cold roll
< 400- _ .
= mixed
200 <. -
0 s= r.\a—o’a/ <
T T T T T T T T T T -0,7 ''''''''''''''' 7 ‘: ("
0 3 6 9 12 15 18 21 24 27 30 0,0 05 1,0 1,5 2,0 2,5 3,0 3,5 40 4,5 5,0
Pressure, MPa A

M. Knite, K. Ozols, J. Zavickis, V. Tupureina, I. Klemenoks, R. Orlovs,, Journal of

Nanoscience and Nanotechnology, 2009 V9, N6, 3587-3592 18
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M

Explanation of negative piezoresistivity effect
in polyisoprene/carbon nanotube composites

N
New electric channels are built up £ ol
under pressure: resistivity decreases /V;ﬁ;g;

0,0 0.5 1,0 1.5 20 25 30 35 40 45 50

19
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Copyright © 2011 American Scientific Publishers Joumal of
All rights reserved Nanozcienee and Nanotechnology
Printed in the United States of Amernica Wal 11, 1-5, 2011

Polyisoprene-Multi Wall Carbon Nanotube Composite
Structure for Flexible Pressure Sensor Application

M. Knite, J. Zavickis*, V. Teteris, and A. Linarts
Institute of Technical Physics, Riga Technical University, 14-322, Riga, Latvia, LV-1007
“ L] ' I " I ' I ' I v L]
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i —— MWCNT mech.mixed _\ 1X1 1
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- positive piezoresistivity
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Fig. 7. The best obtained piezoresistive behavior comparison |relative . . e e
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prepared polyisoprene MW CHNT/HSCB composites. 20

M.Knite, J.Zavickis, V.Teteris, A.Linarts,, Journal of Nanoscience and Nanotechnology, accepted 01.03.2010
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2) New filler - multi wall carbon nanotubes MWCNT
t
c=0,(0-D,)
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M Knite, J.Zavickis, V.Teteris, A.Linarts,, Journal of Nanoscience and Nanotechnology, accepted 01.03.2010
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3. Polyisoprene/HSCB composite (PCBC) organic
solvent vapour sensor effect

PCBC has good sensitivity PNCC has weak sensitivity
to non-polar organic T T 1 te to polar organic solvents
solvents vapour!!! b vapour!!!
/0,08 - II_|_|_|_|_|_I—I'_ - ethyl acetate v_=0.10694 KQ/min
' ||_I_|_|-‘ dichloroethane v_=0.10554 K/min
0.06- = o - AN
_ NV <} toluene v_=0.080%4 KQmin
g (= W/ A~
35 (0,04 W < > acetone v.=0.06167 KQ/min
1 | \ﬁ\‘:“ '"“||||i’l'i‘i'=i|“6 ] <> chlorbenzene v, =0,04724 KQ/min
O 0% < ) ALY T _ .
| il ,,,:f::ﬁﬁ{ gggl. | O p-xylene v,_,=0.04 KQ/min
0,00 - \‘?ﬁﬁ;wﬁuf,p:-m}ﬁ}}}m}ﬁi»{*};‘;‘I‘E{* 1 O-Xylene v -=0.02451 KQ/min
. —3¢— propanol v_,=0.004028 K/min
'0,02 T T T T T T T T T ¥ T

00 01 02 03 04 05
t, min
The change of relative electric resistance versus time for the sample held in
saturated vapours of different solvents.

23
M .Knite, K.Ozols, G.Sakale, V.Teteris, Sensors and Actuators B Chemical, 2007, V126, 209-213
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Polyisoprene/MWCNT nanocomposites for chemical sensing

Ethyl acetate vapour sensing effect in polyisoprene/MWCNT composites

T T T US mixing of MWCNT

——PCNTC12 . ..o
PCNTC14 | in chloroform liquid:

- “ PCNTC13 |
PCBC10U 12 phr MWCNT
_/

;o PCBC1(
l 14 phr MWCNT
113 phr MWCNT

US mixing of HSCB in
chloroform liquid:

e, 10 phr PRINTEX XE2

T ' ' | Cold roll mixing of
: \ HSCB in polyisoprene
Electric resistance reversibility and response repeatability (0,109ml/1)

10 phr PRINTEX XE2

24
M Knite, G.Sakale, V.Teteris, Journal of Nanoscience and Nanotechnology, pienemts public€Sanai 19.11.2010
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Ethanol sensing effects in polyethylene glycol (PEG), polyvinilacetate (PVAc)
and ethilene vinylacetate copolymer (EVA) / NC composites

el Hemedgey

| .

| i
1 ; Ethylene-vinylacetate "
CH. copolymer CHa

Polyvinylacetate

HO—4-CH,—CH,—O-4-CH,—CH,—HO

n

Polyethylene glycol

Figure 2. Chemical structure of PVAc, EVA and PEG.
25

G.Sakale, M.Knite, V.Teteris, V.Tupureina, S.Stepina, E.Liepa, Central European Journal of Physics, accepted 18. 10. 2010
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Ethanol sensing effects in polyethylene glycol (PEG), polyvinilacetate (PVAc)
and ethilene vinylacetate copolymer (EVA) / NC composites

0.07 | &= 0.010} Copper electrode
1] DUE.- Compasiis laper " Epoxy laminate substrate
0.06 : I_E_"EI.DDE.- Copper electrode /
E 0.004 | - ,:‘ 14mm
i . —
0.05 |- 0.002 10mm

0.04 | .,
" . 0 50 ﬂnf 150 200 i
003 | PEG-NCC .
< PVAc-NCC
0.02 EVA(29,7% VAFNCC
0.01 14mm
0.00
. ! . . . — Copper eletrodes
0 200 400 OO tann 1000 1200 1400 1800 EVA(29,7%VAYHSCB
.5
Relative electrical resistance versus time of PEG-NCC
(), PVAc-NCC (x) and EVA(29.7%VA)-NCC (o) in Dispersion of 10 phr PRINTEX XE2 in
ethanol vapour with concentration 0.022 mll (1% peak), chloroform liquid by US homogenizer.

0.043 mll (2" peak) and 0.065 mll (3" peak). Thick-
ness of PEG-NCC layer 24 pym, PVAc-NCC - 20 pm,

EVA(29.7%VA}-NCC - 108 ym. 2

G.Sakale, M.Knite, V.Teteris, V.Tupureina, S.Stepina, E.Liepa, Central European Journal of Physics, accepted 18. 10. 2010
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Ethanol sensing effects in polyethylene glycol (PEG), polyvinilacetate (PVAc)
and ethilene vinylacetate copolymer (EVA) / NC composites

ts
0 500 1000 1500 2000 2500 3000
L) T ) T T T T Ll T ¥ T v T L] I ¥ T v T
0.035 . 0.10L theoretical curve of EVA(29,7% VA)}-NCC
g ) ) ' ——— theoretical curve of PEG-NCC -|0.084
0.030 - £ g - - 3 ; ; : 1
: q : ” : \ theoretical curve of PVAc-NCC d0.083
00zs | : E ) i 0.08f- |
5 ! : H h -0.062
i HER -
| 5] K 1 L ]
ootof |1 B : . oo -0.059
[ £\ &2 1
0005 1 ._- l ) 5 i ool -0.058
0.000 | B g r H0.057
E | " 1 M | " 1 M 1 M 14
Ow 1 i i | e L n 1 A 1 L 0055
0 1000 2000 ‘s 3000 4000 5000 0 200 400 i 600 800 1000

Flgure 4. EVA(29.7%VA)-NCC (O), EVA(25.0%VA)-NCC (o) and Figure 6. Electrical resistance relaxation of PVAc-NCC (A),

EVA('I 1 B%VA)-NCC (ﬂ.} relative electrical resistance EVA(EQ?%VA]-NCC {o} and PEG-NCC (D} in air.
change versus time in ethanol vapour (0.11 ml/I).

t t ¢
AR/ RO(r) =AR/ Ry, + 4, - exp(r—lj +4, - exp(zj + 4, - exp(g]

7, (etanola rediftizija) , T, (polim&ra virknu relaksacija), t, (nanostrukturéta C rezga relaksacija)
27
G.Sakale, M.Knite, V.Teteris, V.Tupureina, S.Stepina, E.Liepa, Central European Journal of Physics, accepted 18. 10. 2010
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Abstract: Polymer-nanostructured carbon composites (PNCC) using three different polymers as composite matrix
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ﬁm

To prove the developed theory of sensing effect in-situ electric resistance, mass and
length change measurements were made

0 100 200 300 400 500 600 700

s 0:8 T T T T T T T T T T T T T T T 0,06
\ ) 0.7- —®—In(R/Ro) ’
j : : - — Am/m ;_;' 40,05
E - 0,5 f A 10.04
? = — 0,41 /J 40 03<]..
._}_—_ o Q:_‘ i /- T o - ’ go
= N X 0,3 | OO =
: - k= _ 0 S
] . Q’U -4 0,02
=" 02 - o 00O]
= = ’ o
= = 1 AN el | l
7 é = 0,14 _.J.-'_‘:":-.'-:?'\:'::J‘;I e O‘O o L = 10.01
E - 004 m—-m8KC
; = o~ -4 0,00
,E?E“\i = _0:1 I ! | ! I ! | ! I ! I ! I ' |
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The composite material electric resistance change
mechanism in case of matrix swelling
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Electric resistance of the composite versus relative elogation of the
composite, when it is held in toluene vapour (595ml/l) for 700 seconds.
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L\ 8hs 4r(2mep)* R 5
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S, — initial particle separation
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Model is developed basing on X. W.Zhang et al. J. of Polym. Sc. B, 38 (2000) p.2739-2749
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Simplified swelling model 2

» 5

The high rate of increase of R/R,at deformations (AI/IO) larger than 0,018 is related
to destruction of the conducting network. The decrease of conductive channels is
described by equation:

N,

AT AT] > et

+

2 3 4
- lnR:InR0+ln1+A—l +AA—I +BA—I +CA_Z +DA_I
lo lo lo lo lo
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Theoretical fit of experimental results of chemical sensing
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Improvement of repeatability of chemical vapor sensing
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Completely hyper-elastic pressure sensor
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Completely hyper-elastic pressure sensor
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Legend:
1. Piezoresistive layer of PNCC
2. Two electro-conductive layers of PNCC
3. Thin wire brass electrodes
4. Flexible cupper wire extensions
5. Dielectric rubber shell
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