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ABSTRACT

Slurry processes are used for electrode in secondary batteries and fuel cells. It is well known to exhibit char-
acteristic non-Newtonian rheological behavior such as psudoplastic flow and dilatancy behavior as the con-
centration of the slurry increases for a major impact on the productivity, quality, and performance of material.
Therefore, with the objective of identifying rheological control guidelines for concentrated slurries, the rheolog-
ical behavior and micro structures of colloidal dispersions are being researched using monodispersed particles.

Concentrated dispersions of monodispersed silica particles exhibited dilatancy behavior with a highly viscous
dispersion media. Although the critical shear rate at which dilatancy occurred decreased in accordance with
increasing the solvent viscosity and particle size, the shear stress at which dilatancy occurred was defined
regardless of the solvent viscosity and particle size. It can be explained by the diffusion-dominant model con-

trolled by Pe (i.e., the ratio between diffusive and shear flows of particles).
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Slurry Processing for Production

ICatalysts| |Paints| Batteries| [Fuel cells| |Magnets|

Solar cells, Composite materials, Ceramic devices---

The homogeneously dispersing technology of powders (particles) in

concentrated slurry (dispersion, suspension) is key problem for high
performance and high throughput production
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Fig. 1 Slurry processing for production.
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Fig.2 Problems of concentrated slurry for processing.
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LOFEBRIZE > THEIFESN TS (Guy BM. et
al., 2015; Lin N.Y.C. et al., 2015)
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Table 1  Organic solvents used as dispersing media.

Name of the dispersed media Viscosity
mPa-s
Methanol MeOH 0.54
Ethanol EtOH 1.17
1-Propanol PrOH 1.94
1-Butanol BuOH 2.95
Ethylene Glycol EG 17.2
Propylene Glycol PG 48.6
Diethylene Glycol DEG 29.1
Triethylene Glycol TRIEG 39.5
Tetraethylene Glycol TETEG 45.4
Polyethylene Glycol(Mw200) PEG200  51.3
Polyethylene Glycol(Mw400) PEG400  94.7
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Fig.3 Shear rate j dependence of the viscosity # of the
KEP100-60wt% dispersion in alcoholic solvents.
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Fig. 4 Shear rate j dependence of the viscosity # of the
KEP100-60wt% dispersion in ethylene glycol-based

solvents.
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Fig.5 Shear rate y dependence of the relative viscosity
7, of the KEP100-60wt% dispersion in ethylene
glycol-based solvents.

33



%‘Z? The Micromeritics No.62 (2019) 30-38

15 1 BEE R - 43 O 0 K P 28 Bl 1% Krieger-Doughty
2% 38 L, Brady 512 & o THEN. 1172 Stokesian-
Dynamics Tl&, 7o 7 V#EBNICHONS L9 Lk
FZD0LODOPFE T AKX BB & DHIZ L -
THRFED, ZOMIL Peclet (Pe) HTREND VD
W LD ET NV THIITE L I EHRENT
Who, ZIZTPeIKAFZDHDODMEE X B
e AWRENIC X B2IHDILTH 5, K DI
BB DIEX (1) T, CAWIC X 5 RBILHUE o7
THREINLZ DD, Pefidk 2) ~X (4) o
E%%. ZOZEDDLPeBIZEAMIE) o &
GFHR T OR T a, &5WVIZEAMME y 25—E
DA THIEMAFTH 2 &R b,

D=gly X at HLTPAE
ki RV <VER
2 y T:
Pe="27 2
=5 X @) p B
6na’ 7 EAREE
oM R (3) o EAWIEH

Stokesian-Dynamics {2 5 51 % X 9 7 JLHELA D
E 7V % H v TUE 2440 Shear-thinning D FEHIZ D W
TD XN =X LB DBAT DI TV 723, Brady X
Wagner 5 {3 Shear-thickening D FEIUZ DV TH A
WiriZ & 28 [+ oW (Lubrication) 12 & - T
Hydro-cluster 2ST2IK 415 & WAL O TIZ, Rk
D Pe UTHKAFTHZ L AWH I LT 5 (Brady
J.F. and Bosis G., 1985; Bender J. and Wagner N.J., 1996;
Melrose J.R. and Ball R.C., 2004; Wagner N.J. and Brady
J.E.,2009) .

E 51T Seto X Mari 138 A BT ENIC X 5 ILHDS
KA TH 5 Z LIFFAR7ZAS, Hydro-cluster #ii% %
L 7% < TH, BFA2EREICHIL TV DI5E,
KF I L ofiiZe (Ffk) 12 X 288 (Friction) (2
X oT, BEMKE L5 L Shear-thickening % 7
B9 %2 L%&RL7 (SetoR. and Mari R., 2013a, 2014b;
Guy B.M. et al., 2015; Lin N.Y.C. et al., 2015), Brady %
Wagner 5 @\ 9 {35 (Lubrication) 2 & % Hydro-
cluster TE I & % B D2, Seto X Mari & D\ 9 Fi
FOMZ X B (Friction) 12X 2 b 023l E
LT, WINDOBATD shear-thickening FEH L&A
Wit B 12 X 2 WAL TH Y, Pe UKL T

34

5 Z &M%, shear-thickening & SE3 3 5 i & A BT
8] o IEF LT OBE—ETHILEEZEZ LN,

EBICR 3 OE A M &R O B4R % E A BT
o EHE s OB Ty PLKREZES
IR T o BIDOKED LA 2 DI - T shear-
thickening #5833 2 € A Wrd 1AL F L7248, —
73 C shear-thickening % F 813 % i ft-& A WKL J) o
SEBEOME, HEICESFHI0PaT—ETHD
ENFYSNITAY, RRIEHCIRL O € 7OV TR
T&LZLZEMNIT TS,

KIZ, B 612, KEP100 (1 pm) Z A1 60wt%
T, JK& PEG400 DI & 22 L S & 72358 O EH i
KiBEn D& AW HEEE ) IKAFEZ R L7 wTihd
shear-thinning % 78 L 727%, ZIUTHR T2 X - TEK
SNTEERMESE AR X - THIE I N & HEE
ENd, LT, PEGOUENEL HLDITHE-

THBEDOEGCA/NS S D EEHIT, HEAMN
100
0*
10 ; —m—WATER
= IR ——EG
S 1 o afS —4—DEG
= LS gy —o—TREEG
= ”/ —4—TETEG
0.1 —<PEG200
~—+—PEG400
0.01 =
0.01 0.1 1 10 100 1,000 10,000
o (Pa)

B 6 KEP100-60wt% 53 B O Hi 5 D & AW i 1 447
P (=F L7y a—LR)

Fig. 6 Shear stress o dependence of the viscosity 7 of the
KEP100-60wt% dispersion in ethylene glycol-based
solvents.
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Fig. 9 Shear stress o dependence of the viscosity # of the
KEP100-60wt% dispersion in aqueous medium/PEG
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Fig. 10  Shear rate y dependence of viscosity # of the 60wt%
PEG dispersion of various size particles; KEP10,
KEP20, KEP50, KEP100, and KEP250, respectively.
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Fig. 11  Shear stress ¢ dependence of viscosity # of the
60wt% PEG dispersion with KEP10, KEP20,
KEP50, KEP100, and KEP250, respectively.
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Guidelines of Rheology Control of Concentrated Dispersions
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Fig. 13 Guidelines of rheology control of concentrated dispersions.
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