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Abstract Evaluation of the solid surface properties by an analysis of the liquid penetration rate into powder
beds is very important in applications of powder products. The penetration rate is related the surface property
in powder beds. In order to analyze the surface property of powders, the contact angle values of several powders
were obtained using the Washbun equation and the Wicking method. The surface free energy value yS was
divided into a polar component yS? and a dispersion component yS%. Inorganic powders such as calcite were used
as test samples. The effects of the particle size and the type of experimental liquid on the penetration rate were
measured. It was confirmed that the surface free energy of the grinding sample is smaller than that of the

classification sample.

Key words wettablity, contact angle, surface free energy, washburn equation, wicking.
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Fig. 2. Photography and dimensions of experimental cell used.
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Fig. 1. Photography and dimensions of experimental equipment used.
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Table 1. Classification and grounding calcite particle size 2 540° S}, o]Z2A A cello] AR &F Smm A
Method Sample Particle size [pm)] T A7A " Z2eA =23 ANFHEY 1 3 2A Y
MP 153 WsE A3 Y WA Se] TS 23 @ 5, 2
Classification FP 85 AL 283l dataZ AFSITH BOZ ) cell MHL £
cp 254 RAgolA] 274 4 ok S8 Yol Cellg A
Grining o s A5 el Weby Aske) vRd sk Uehto) o
o 6 wolt, U cell ol e QAo Be AR} 7]

Table 2. Physical properties of liquids used

mlm
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Liquid SFT" (mN/m) Disperse (mN/m) Polar (nN/m)  Viscosity (mPas) Density (g/cm?)

Octane 21.8 21.7 0 0.542 0.703 0

CCly 27.0 26.7 0.3 0.969 1.594 0.1060
CH,Cl, 28.6 26.5 2.1 0.437 1.327 0.2815
C,HsNO, 31.9 27.5 44 0.720 1.045 0.4000
DM.F. 37.1 29.0 8.1 0.899 0.949 0.5285
EG 48.3 29.3 19.0 21.810 1.109 0.8053
Formamide 58.2 28.7 29.5 3.812 1.133 1.0138
Water 72.8 26.0 46.8 1.002 0.998 1.3416

*SFT : surface free tension
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*vi: surface free energy of the liquid(N/m)
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f’ (OWRK Eq) (10)

*vq: surface free energy of the solid(N/m)

*ysp: interfacial surface free energy between the
solid and the liquid(N/m)

*p: Polar part of surface free energy

*d: Dispersive part of surface free energy
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Fig. 3. 153 um calcite plot of time vs. liquids weight.
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Fig. 4. 153 um calcite plot of X vs. Y regression.

Table 3. Value of cos 8 measured with various liquids for calcite 153 um and value of X and Y for regression of each liquid
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Fig. 5. 85 um calcite plot of time vs. liquids weight.
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Fig. 6. 85 um calcite plot of X vs. Y regression.

Used Liquid cos 6 0[] X Y
Octane 1.000 0.000 0.000 4.654
Tetrachloromethane 0.576 54.798 0.106 4.118
Dichloromethane 0.471 61.885 0.282 4.085
Nitroethane 0.805 36.102 0.400 5.489
DMF 0.920 22.396 0.528 6.615
Ethylene glycol 0.968 14.221 0.898 9.648
Formamide 0.767 39.346 1.014 9.601
Water 0.410 65.734 1.342 10.065
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Table 4. Value of cos 6 measured with various liquids for calcite 85 um and value of X and Y for regression of each liquid

Used Liquid cos 6 0 [’ X Y
Octane 1.000 0.000 0.000 3.771
Tetrachloromethane 0.345 69.824 0.106 3.513
Dichloromethane 0.277 73.879 0.282 3.549
Nitroethane 0.581 54.437 0.400 4.8309
DMF 0.595 53.477 0.528 5.493
Ethylene glycol 0.941 16.628 0.898 9.215
Formamide 0.699 45.577 1.014 9.230
Water 0.550 56.421 1.342 11.063

XX = Y—E,Y:1+COSO~ YL
y 2 d
L YL

ENES
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Table S. Value of cos 6 measured with various liquids for calcite 253 um and value of X and Y for regression of each liquid

Used Liquid cos 0 0 [ X Y
Octane 1.000 0.000 0.000 4.613
Tetrachloromethane 0.322 71.139 0.106 3.454
Dichloromethane 0.206 78.085 0.282 3.351
Nitroethane 0.624 50.735 0.400 4.940
DMF 0.565 55.344 0.528 5.391
Ethylene Glycol 0.709 44821 0.898 8.450
Formamide 0.650 48.505 1.014 9.757
Water 0.404 66.122 1.342 10.025

P
X = Y—E,Y=1+;056--ﬁ-
TL Jy?

Table 6. Value of cos 6 measured with various liquids for calcite 5 min ground and value of X and Y for regression of each liquid

Used Liquid cos 0 0[] X Y
Octane 1.000 0.000 0.000 4.457
Tetrachloromethane 0.379 67.701 0.106 3.604
Dichloromethane 0.317 71.494 0.282 3.659
Nitroethane 0.565 55.564 0.400 4.760
DMF 0.203 78.274 0.528 4.145
Ethylene glycol 0.210 77.824 0.898 5.619
Formamide 0.222 77.147 1.014 6.640
Water 0.185 79.361 1.342 8.456
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Fig. 10. 5 min ground calcite plot of time vs. liquid weight.
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Table 7. Value of cos 6 measured with various liquids for calcite 15 min ground and value of X and Y for regression of each liquid

Used Liquid cos 0 0[] X Y
Octane 1.000 0.000 0.000 4.384
Tetrachloromethane 0.496 60.174 0.106 3.909
Dichloromethane 0.293 72.832 0.282 3.593
Nitroethane 0.494 60.417 0.400 4.543
DMF 0.374 68.019 0.528 4.732
Ethylene glycol 0413 65.570 0.898 6.561
Formamide 0.410 65.766 1.014 7.659
Water 0.290 73.056 1.342 9.212
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Fig. 12. 15 min ground calcite plot of time vs. liquids weight.
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