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

The more moisture 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

*# Mechanical Engineering Research Division



— 2 — EETLWMEGIRHS  RIIS-RR-24-8

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 indiuced 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 Winsjow’s effect, we recognized that tr1—2—ethy1hexy1tr1me111tate was.
superior to the other materials tried here. v ‘

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 X v BE OBE
Ionic exchange resin Fixed ion Selective absorption
Strongly acidic Cation -S04 [Ba2+ >Pb2+>Ca2+.>'Cd2+>Cu2+J '
Weekly acidic cation -C00- >Agt>KF>NH,*>Na*
Strongly basic anion ~-NR,* [SO4Z‘>I"‘>N03">CO;]
Weekly basic anion -NH,, -NHR, -NR, >Br~>Cl >F~
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Table 2 Properties of ionic exchange resin

A F v RBEIR DO MR
Tonic Counter | Moisture Exchange Effective Max.
exchange content capasity size Temperature
Resin ion 9% meq/ml mm °C .
CG-120 Nat
CG-400 Cl-
SA10A Cr- 43~47 1.3 0. 504x* 80
SA10AS Ci- 0. 177#
SA #1060 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 Cr- 75~85 0.4 0.35~0. 55 80
PA 3063 Cr- 66~76 0.8
PA 312 Cr- 49~55 1.2 0.35~0.55 80
PA 320 Cl- 41~47 1.3 0.35~0.55 80
‘PA 412 Cl- 46~-52 1.1 0.35~0.55 60
WA 10 OH~- 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)

MRS A RAER 5kV/mm)

counter ion temperatgé for dry exposrinni;g;1 time
I~ 120 3
Br~ 120 5
Cr- 140 0
F- 120 0
OH~ - —_
SCN~ 150 0
CH,CO0~ 120 5
NOg~ 135 0
SO, 120 30
Citrate 120 15
CrO,— 60 —
Oxalate 120 15

TOXOR, SEECKET S 4 VI, FE
AW EHENES R, FLREERLYHRRTHLDOD
KREBRBRTH %o LI L, FRNLKRENELRECTD
B, LY LKA AV EEETHCR, HHE
ERTSERNAREL LB LA THS S,

43 ERAAORE

Fig.7 3&1 4 vBRBEOBRAE R KT 55
RAMIGTIRKELY 7wy P LbOTHBH, EE
14 OB L 57w, SAI0A 1 WA 30 L
“TBXE, SAI0A 11 WA 30 oy 2 2D EERAMIE
TIBRKEERE LT0B 2 Edvbi b,

SA 10 A LREIERMIRA A vRBEIETH D, £O
EEA A Vik -NRy* THBo F7c WA30 125582
MR & v RBBIE T Y, N, 7 3 vOEES F
VER o TV Do L OWEOKE/RIHET, RigEE:
DY OHFLA T v EBHELLTV O L, TR
D b DB LIE o iedd, B DKAEBELT
LRED Do LichinT, SAL0A I, KEBEN
PIROTeD X Y RE LRBEIERE L 75 o 1D TH
H5EELBNRD,

4d 1FZTREBOBE

Table 2 1313 5 # — 7 ARBEIMEIS 1 o+ 35 i
e PAE) BRBERL2PZLELLT, 44y
HRBBYFENIRD L0 CE D, Fig.8 QRS
% 2.8kV/mm % $ORBHCOWT, 4 VATRA

Maximum of Induced shear stress T max g/cm?

100

50 [T SA10A

LA
——] @~ \A-“A——A‘ SA10AS
S g i o SA0s
SA#100
] ——O-— caosY

pulverized (SA10A) SA£100

30 /—CA0BY
disperse medium TRIMXE T-10 /3/ [
| weight fraction 15% A/- SA10AS
shear rate 400 1/s ; i

frequency 50Hz

NS
27/
/;

i A

20

[ — SAL0A
/

Lo
/ ,DZO,,._._,--— WA30
O,

10

e

- —

l

TS g

= ulverized (SA10A)

Lygr VM ? ] I

! 2 3
Limit electric field kV/mm

Fig.7 Characteristic scheme of meximum-

induced shearstress incase of anion
exchange resins

&1 VRIS R BRE AN

IRJIRAE R
E 20— 1 T )
S) disperse medium TRIMEX T-lIO
weight fraction 15% ‘
o I- shear rate 400 1/s (cl))A412)
é frepuency 50Hz _ bo PA320
: / PA3I2 -
3 ¢ PA306S
]
—~ P
< = O
,»g / PA304
. /
3
P
5 12
b~}
=
St
(=]
g [
‘5 ’( ] 1 1
=0 0.4 0.8 1.2

Tonic exchange capasity meq/ml

- Fig.8 Effect of ijonic exchange capasity
(limit electric field 2. 8kV/mm)
AFVEBREBEOKE (BABR

; 2.8kV/mm) : ‘
BLFREAMGIERECHF LR LD TH

50 BMicksE, 414 vHAERYETC é:WCJ:o'C



— 8 —

BREAWIGCIEAES ENT 2ERCH B, Th
BERERBEIERLTCORWI S5 TH S,

A F VEHBRAELE 1l OBIENTR LI B/ *
VUBTERINBLDOTHY, BESL F VOREE
BT b0 THDEELTI Ve LIENST,
A X VEBRBEIBELZ 2EBYAELTHLVICT LT,

v 4 v ARRCKERBE Y FOLTFRIN,

4 & VASREIE T, FhABEA A vOBEREE
B e, T LASKEROBERTEM LY, 1
FVEBAREOHEL X HHROEIL Y Rbhich
Db DEBTHZENTED,

4.5 M BE O E

WROMER L 5 R~OFEL Fig7 ©R35
SA10A, SAI0AS, SA%100, 33X 08 CAOBY %
kﬁ?hﬁlhquh%ﬁiﬁﬁﬁU%OTﬁb
Table 2 wRT L 5 EETRCEENEEIR T,
%0

Fig.7 MEHCBAER Y & » IcB A DHRE AN
IMHEREOZE, BIVCBABRCKT 5BHROE
AR LI DTH B S, BREANEL D
coh, BRA/THELOIZ, BCBAERAYETHIE
SHAEATIE, 8ARETESRELT, Bliivt
S ALERDB L EXRRLTE Y, BELE
LEARBERBTHES ED HD TR,

KhiD SAI0A IHBEHENER CHETANS
HEETBR, BOERTORIAERBHEEAWIE
T Lo L L, SAL0 A ToORBEIT A X
HBEMCED ECREMEEFR > TODHZETHY, &
KEDPEL ELVBRABRALELTHC LN TELET
Bho I LTINEED CABY i3, I hi
BRCRRELHRTS b R RBRERLTEL, B
SEHY T B LERD B, LD, KELTHR
BAKOHEETHOREBERAOBE LB H, £
HHEEAWISINIIEE TR E v,

Fig.7 BT 5B TIX, BRABRL WIS
BFEAEZLRT, ﬁ%ﬁf?‘ﬁ‘ﬁﬁ:%?ﬁ*ﬂ Wwh, %
TR ARSI D IEMITNE Ve & OBFLEIL SAI0A
FHFELT lum BT E Lied 0T, Photo | (a) 1%
FOBEWEGEETHD. TRIZX D E A 4 vATHHE
%% Photo 1 (b)D X 5 W& 2350 L, B#e
mTIEBR D~ TR, BESMH L HBENE Y,
NIPERDOBRMMERBC BT 58OV 171

EERTLEWERTHERS

RIIS-RR-24-8

(2)

(b) -
Photo. { microphotograph of disprse phase
(a) : pulverized particles of SA104A
(b) : SA#100 ionic exchange resin
53 Bk O BRI R B12%

PWEER e v — AT £ OWROBES TR A 4 V3T
PEIBCER LIS & Lt DTH 5B,

BRR T RS EE L BES I, BFELAML.
HehEBH, FEETHD, EHHTERS LTLE
v, EIELEEN Lo B, ’

FUEaARCIREDONEVEERABAIEL,
EERACEBCREE LD LILFIRO S L TH
50, BRHO L ICNESHRBBECEER, Thic
EENDIRBORTINRREER LD, BE Lk
BRI LT b D TR L E % Bh o
Licdis'T, HEROBIIEENMAETOS B hIT
EBNES Y ok, REMCK X LRIERD
STeDREEBEIND, 4 F vASHEIE T, Photo 1
() ©Hh% LX) IBHRRIEA - TEY, REL
RERREERDDTHA 5, Lich - C, NESH
NE LT, CEBRIRREEALLDHEN, B
SHERMGRFORELERL RS D0

L6 AREOHE

FEQHﬂﬁ4#/CFkLtSAwAS§ﬁﬁ
HELT, PEBEOHEY MR LbDChBo Eis



ATHEORIFHE (F2H)

. dispers; phase 'SA10AS Di;perse %edinm

90l weight fraction 15% TRIMEX T-10
a shear rate 400 1/s _13:
é’ frequency 50Hz, 4.0 /TRIMEX T-08
17 / \4
B 15 ,/ TRIMEX N-08
P % ) ,/VINICYZER-BS
-~ @
[Z] Q /A
I I 4| ,— VINICYZER-85
S e A VINICYZER-105
% g 10r—7 & —— VINICYZER-50
= v // X; //o’: — Tricresyl Phosphaet
o & /%/O/, A&Q—D" Di-n-Butyl Phthalate
g 42%/
2 5
£ :
S
P
!
= ) .

L
0 f 15 20 25 30

Limit electric field kV/mm
Fig.9 Effects of disperse medium

SO

Table 4 BBV IFBEOMREY R, Fig.9
Crsl, HEEOEEREC X T, FREAMIGHIR
KB A EEZEPRELL T3, BC, VY 2=F1
ANEVAL e PYRYF—FRPIAL YT PY R
) F— bR EREERKEREER ARG R AES
AL, BFELESHEERGOBRERL D b
ho

DEIEO R ENT 5 BN I BB AT R
XEBHC L, BR2ZHEABCCER 2ERBORER:
Hoz l, BIONTHEIIEREL LD L 5EHT
BT LT ETHAH N, Fig. 9 8 L1 Table 4 251k,
v 4 v AePHRORFESEBIED b OERNORFED R
R LV E2iE, HETEIHRELRLE
FUIAVFUReb Y RYF—bE, FHRONI LD

AVFV s TOSL= BT S L, REEEER,
BIOERBEREDCEY LETHS, 2FY, &
By, MBBERERENTSEECCE, BIUHE
BFEEASTTEE C & &b EEROEEDATIE
L ULA, SEHELOBMBEREOHIAERER
S TCWBDTIRIRIEEL B, WThitg X,
P BT AR SBROREBETH S 5,

47T ERBEREKE

Fig.10 3EREALHMLLBEEDOY 4 v A ud)
BERLTwS, ChIREBE, XHBEROBE LR
%, BAERNEEL, BREFNEVRBHTEHRE
BAWIEIBERELRE kDo Ehbhb, ¥,

exposing

time ™}
/Omin

« 60 5224
g v
© 1 4
=% L s f
- 2 X o
s n‘7 /
§ 40— 377;X—A &
3 . Q/C/

L7
= / bt o
w

20 ~—v/ AVAvA

) / -
S E/ disperse phase SA#100
S VXAO disperse medium TRINEX T-08
&S —{:b/{ weight fraction 15%

I sh‘ear rat? 400 1/]s

0 2 4 6 8
Electric field kV/mm
Induced shear stresses in case

of directly applied voltage
BERREL X 5 HREAEIET

Fig.10

Table 4 Properties of disperse mediums

SO D etk
trading name properties specific | refractive specific dielectric
(KAO SOAP Co. - grarity resistannce
Ltd.) m (20/20°C) index Qcm 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 (n-DDP) 0. 964 1. 481 2.13x107 3.9
-50 | di-isodecyleadiphate (DIDA) 0.918 1. 450 1. 16 x 1012 -3.62
TRIMEXN-08 tri-#n-octyletrimellitate 0.985 1.483 2.08x 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 x 1012 3.89
tri-cresyl-phosphaet 1. 150 1.555 1.21x109. 6. 47
di-n-Butyl phthalate 1.047 1. 490 6.90x10° 5.84
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_Manufacture of Artificial Fingers (2 nd Report).
‘= Winslow's  effect ‘in ionic exchange resin disperse system—-
|by Noboru Sugimoto and Taiji Konde
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 electric 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, 3 Photos, 4 Tables, 7 References)



