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Test-Manufacture of Artificial Fingers
(2nd Report)
——Winslow’s effect in ionic exchange resin disperse system——

by Noboru Sucmmoro and Taiji Konpo

Winslow’s effect is defined as an essentially intantaneous reversible change in apparent viscosity when
a fluid is subjected to an externally applied electric field.

In our previous papers, we reported that the mechanism of Winslow’s effect was able to be explained
fully by electro-double-layer hypothesis.

Namely, the particles (disperse phase) in an electroviscous fluid should have many ionic disociable
groups. And after absorbing moisture, then discoiating ionic groups, electrodouble-layer is constructed
at the surface of each particle. When voltage is externally applied in this condition, the disociated
ions of electro-double-layer move to the direction (or the opposit) of the electric field along the layer
boundary, and this becomes that electric polarization is induced. This polarization gives rise to
static-electric-attraction among particles, thus, as a result of inducing resistannce to flowing, the
apparent viscosity increases.

Under this hypothesis, the disperse phase in electroviscous fluid essentially should have many ionic
disociable groups inside. And ionic exchange resins are able to satisfy this indispensable condition.

So, as was expected, we could recognize the greatly large increase of apparent viscosity in ionic
exchange resin disperse system.

Giving an instance, in strongly acidic cation exchange resin the following reaction exists.

R:SOH == R-SO;~+-H*
where, R is polysthylene basic, SOzH is ionic functional group, -SO;~ is fixed ion and H* is counter
ion. .

The more rhoisture becomes involved, the more this reaction moves right ward. So, corresponding
ionic exchange resin disperse system to the hypothesis mentioned above, electro-double-layer is of
fixed ion and counter ion.

In ionic exchage resin, counter ion which is one parameter of electro-double-layer can be selected
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relatively easily on behalf of its essential usage. So, in the result of measurements about many kinds
of electro-double-layer by changing counter ion, we could recognize that Winslow’s effect was
relatively clearly connected with the electvo-double-layer. And when the counter ion was CI,
SCN—-, SO,™, the large induced shear stress was measured

As of the effects of disperse medium, though we could not concretely ﬁnd which property of disperse
medium have an effect on Wms{ow s effect, we recognized that tri-2- ethylhexyltnmelhtate was.
superior to the other materials tried here.

Like this, using ionic exchange resin as it’s disperse phase makes consideration about not only
viscosity increment itself but also stability and response of electroviscous fluids possible.

As a result of this study, strongly basic anién exchange resin and tri-2-ethylhexyltrimellitate
dispersion we here developed recorded the most typical shear stress induced, moreover had the most
enough stability in ever developed.
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Table |1 Classification of ionic exchange resin
1 I v B BIE OB
Ionic exchange resin Fixed ion Selective absorption
Strongly acidic Cation -S04 [Ba2+>Pb2+>Ca2+'>'Cd2+>Cu2+J ‘
Weekly acidic cation -C00~ >Ag*t>SK+H>NH,*>Na*
Strongly basic anion -NR,* [8042‘>I"‘>N03">C0;il
Weekly basic anion -NH,, -NHR, -NR, >Br~>Cl >F~
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Table 2 Properties of ionic exchange resin
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Tonic Counter | Moisture Exchange Effective Max.
exchange content capasity size Temperature
Resin ion % meq/ml mm °C :
CG-120 Nat
CG-400 CI-
SA10A Cr- 43~47 1.3 0. 5043 80
SA 10 AS Ci- 0. 177#
SA § 100 Ci- 38~45 1.5 0. 085* 80
CABY Ci- 0.00811*
SA11A CI- 55~65 0.85 0.35~0.55 80
PA 304 Cl- 75~85 0.4 0. 35~0. 55 80
PA 306 S Cr- 66~76 0.8
PA 312 Cr- 49~55 1.2 0. 35~0.55 80
PA 320 Cr- 41~47 1.3 0. 35~0. 55 80
‘PA 412 C1- 46~-52 1.1 0. 35~0. 55 60
WA 10 (0)3 1 63~69 1.2 0. 35~0. 55 60
WA 30 cr- 43~55 1.5 0.35~0.55 100,

* mean diameter
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Table 3 Condition for dry (Limit electric
field 5kV/mm)
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OH~ - —_
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CH,CO0~ 120 5
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SO~ 120 30
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CrO, 60 —
Oxalate 120 15
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Table 4 Properties of disperse mediums

R D MRtk
trading name properties specific ‘ refractive specific dielectric
(KAO SOAP Co. grarity resistannce
Ltd.) chemical name (20/20°C) index Q cm constant
NINICYZER-80 | di-octylphthalate (DOP) 0. 986 1. 485 1.30x 101! 4,57
-85 | di-n-octylphthalate (n-DOP) 0.978 1.482 2. 441010 4,29
-105 | di-n~decylephthalate (#-DDP) 0. 964 1.481 2.13x%107 3.9%
~50 | di-isodecyleadiphate (DIDA) 0.918 1. 450 1.16x 1012 -3.62
TRIMEXN-08 tri-n-octyletrimellitate 0. 985 1.483 2. 08 x 1011 4.20
T-08 tri-2-ethylhexytrimellitate 0.991 1. 485 4,26x 1011 4.44
T-10 tri~isodecyletrimellitate 0,975 1. 485 5. 88 1012 3.89
tri-cresyl-phosphaet 1. 150 1.555 1.21x10% 6. 47
di-n-Butyl phthalate 1.047 1. 490 6.90x10° 5.84
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st-Manufacture of ‘Artificial Fingérs (2 nd Report).
‘. Winslow's effect in ionic exchange resin disperse system—-
\by Noboru Sugimoto and Taiji Kondo
Reseach Report of the Reseach Institute of Industrial Safety, RIIS-RR-24-8,
1~12 (1976)
Winslow’s effect is defined as an essentially intantaneous revesible change in
apparent viscosity when a fluid is subjected to an externally applied eleciric field.
It is said that the mechanism of Winslow's effect is able to be explained fully
by the electro-double-layer hypothesis.
In this report, adopting the hypothesis, a new electroviscous fluid, which had
ionic exchange resin as its disperse phase was introduced.
Using ionic exchange resin its disperse phase makes consideration about not only
viscosity increment itself but stability and response of electroviscous fluids possible.
As a result of this study, ionic exchange resin and Tri-2-ethylhexyltrimellitate
dispersion was developed, which induced the most typical shear stress moreover
had the most enough stability in ever developed.
(14 Figures, 3Photos, 4 Tables, 7 References)




