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Abstract

Water-repellent soils have been known to cause finger-like wetting pattern. The objectives of
this study are to measure some wettability indices and water characteristics for sands of mixed
wettablity and to discuss relationships between the indices and the water characteristics. The
WDPT (Water Drop Penetration Time) indicated the sands to be wettable or water-repellent, but
it did not correspond to the water-entry pressure which is considered to show the degree of
water-repellency. On the other hand, apparent contact angles measured by capillary rise method
and sessile drop method showed good correlation with the water-entry pressure. Cassie’s equa-
tion was found to give good estimations of the apparent contact angles for the sands of mixed
wettability. Soil water characteristic curves showed clear transitions from hydrophilic domains
to less hydrophilic or hydrophobic domains corresponding to the apparent contact angles.

Furthermore, it was found that magnitude of soil-water hysteresis for the sand was affected by its

wettability.
Key words : water-repellent sand, WDPT, contact angle, water-entry pressure, soil water charac-
teristics
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123, FEfERI AR TE0IcEHVS
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0= 180°-2a

tana=j/h

0+ 20 =180° &Y,
0=180°-2a

X-1 Sessile drop 7 (Bachmann et al., 2000)

Illustration of the sessile drop method developed by Bachmann et al. (2000) for measuring

Fig. 1
contact angle.
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Fig. 2 Relationships between surface tension

and weight% of ethanol-water solution.
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Fig. 3 Illustration of the capillary rise method

for measuring contact angle.
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Fig. 4 Schematic illustration of instrument used
to measure water-entry pressure.
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x-1 BEDO N EEEIERE—E
Table 1 Measured values of wettability indices for mixed sand
RA&®%  WDPT B Ol Kiz A
Sessile drop 7 rwik  EBE LA

% sec degree ———— cm

0 0 5314 — 5812 —g
25 3 83+6 90 8241 -1}
50 >3600 9242 102 93*1 1.2
75 >3600 1057 104 1166 3.7
100 >3600 1267 106 134+6 5.8

TSP g RS | TR LT WIEEUZ, Sessile drop TR 3, mwiETIE
KL, BEFAETRIBAR0%~50%713 TT75% & 100% 76 Th 5,
KT DK EREHRRR IS B W T, BERNEESS 0.95 A # A 7B o [ 1/KERE,

0% & 25% DHEIDKIZALE, BBORIKERE DK
kiR (K-5) »oELETH b, DR, B
FEA8 0.95 282 2 FE/J/KEAME 2 e A B - THEEM & L
foo TR, WOKEDER 2 NS 2 BETHKIZADE
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1oHTH 5,
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3,600 A48z, Extremely water repellent IZ[X4) & 41
%o LpL, &0 oA E X O/KIRAEOFERIE
Sld, N5 DEEHICHEKEDOMS ITEWSSH B T &
PRINT WS, —7, BEEN 0% BLU 256% DK
T, Wettable EXoyaichs, Thidgifs Lo
KIRAEDERIE & DBEEEEZRLTVWS, ThbDl
&%, WDPT 28 wettable & water-repellent D& W\ &
RH 253, &5 A KR AR & [6) UBEH
IKEEDBRT A KD IIEEE L TRARI TV & AR
LTW3, AEBRTHWO OTS WUBIRD (32258 15 K
A4 5 (Bozeret al, 1969 ; Watson and Letey, 1970)
DT, BREWHEIKME (00 OBElAA 90° L b KX
WE 3 KIEAEMLERE) Z/RT 413 E I WDPT
733,600 fp A%, Extremely water repellent & ZFf
SN EFZEZ 6N 5,

3.2 IKEM

WerKEFE B & OWiskaBFE DK/ kR (3[Rl HE
A L2 b D) 2X-5, X-6 1R L 7o WKk
T, BAEF 0% 0 SREGEMNIEZ 5 I >N THIFRANIE
FEfilicy 7 v LTuE, HKEMK TS % C &R
IRENTOVW S, IBEEMN50% D&%, by EFTJKEE
0 CEKRFORHMBEERL TS, TNl ED
BERTRIEEDOK LD [HREF] c& 3, HEEICHEKE
ZR LTV 5, BB DIKPRFERER &, Dok &

ke |
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Fig. 5 Water characteristic curves for wetting
precess.
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MR LT, BAER0% LIS W Th, 55< 13
o TWBbDDEKIINED SGNE, Thid, Bk
T & BiKBIETIRBIRT 2 HEMANEL L EEZ S
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DSV EIcLk B (FIAR, /N, 1980), TNHDC
S, MoK - Bk L o faFNEE 0.5 1St g 5 Ik
HE I IR STV S (B2), £21Td 20
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Fig. 6 Water characteristic curves for drying
process.
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Table 2 Differences in water pressure head be-
tween wetting and drying curves

REH JE717KER

S ENGHES MoK HhR 7=

% cm
0 —11.3 —20.6 9.3
25 —2.5 —19.4 17.0
50 0.3 —16.2 16.5
75 3.8 —14.8 18.6
100 4.9 —13.6 18.5

REL B BNWNELS L E, KOEZXT ) Y RDH
JENBES Z EAURENT WS, BAWICE T 5, kit
R & BRI T OECHIP R R D OTS WA REEIC
KBRS, Bk TE o BER A B K O hikERE
DR ORE SITEET 2o L Bbh s, &
TS 5,

3.3 Cassie NIC KBRS DIEE DHETE

AW THWRAWE, BUKMRF OkEVWi) &
BOKMERIT (OTS ML) 2 RELICbDTH 5, RE
Wo B 5 OEAEMNEERICE > TESELT 2 »ic
DWW, Vo MEATHE DA % KD T Cassie . U)
B, 1980) ZHWVTHET L TH 5, Cassie IR TH
bINb,

140 A
o ® SD(EA) SD(¥#5E) P4
ﬂf Xe )
s 120 O CR(ERA) = = = CRUE®R) ”
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-7 EAWO AT OB O Cassie iz & %

#EEfE (TSDJ (3 sessile drop 7, [CRJ
EE LA
Fig. 7 Apparent contact angles for mixed sand
estimated by Cassie’s equation.

cos@=A,cos;+A,cos0, (8)

TTIT, Ay A, BE@ITBOWTYE L, 20859 3E4,
01, 0, 3W'E 1, 2 DA TH B, T3 H, 2FEHOY
BoHEEEERCEAMEHIE L b DTH S, IR
T TRV, RFE 2 TOTS M EERD L,
BE%Em (%)=1004,/(A,+4,) (A, A, 3KBEWELS
XU OTS b OEE) 25 &, Cassie 3R
TkRkEh s,

cos@=(1—m/100)cos,+ (m/100)0, (9)

X-7 1%, sessile drop & BE AT L 2 AEMIC
SWTC, Cassie =AWV AHEEEHE LD TH
bo IBEHE0% B LTV 100% D &I 1F OBl O FEHIfE
EENENO, 0, E LT, BREBEENS AL A, 252
Too IRAFR255% IOV TEHETOITNHIED S B0,
BE#R50% LI EOFFHI D WTIREL—H LTV 5,
Ustohal et al. (1998) 3, REW DK EEERER OHEE
WXt LT Cassie KB HEHATE 2 & 2R LTV A,
AFTOFMERE, Theé—HLTWVWD, L L—H,
Bauters et al. (1998, 2000) (& OTS UL D H I 1 713iR
& (REHF5~10% HE) 2D THROEKEE 76
TEEREL TV B, AIEICBWTH, OTS WL
DIER T % et U 7c PR B ©, OTS RA& WL
‘I g L2y, Wi d 256 T ROKEVWE
L5\ &, Cassie 20h 5 13 &0 1 QA 55 90° A &
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W) ORGWEIES L, WD anieE & KkaRt:D
HIE AT - 7o KR AERRT (WDPT) (3 wettable
& water-repellent % X3l T % 2 8@k 0@y A2 &K D
THEELE L TREYTEEV T &, BE LFEE sessile
drop HETHITE L 72 & 51 OBl A 12 /KB AFE & ELViE
BIZIRT DS, ywp ETHITE L 7o &0 OBt 13 AHBE A3
BAROWZ EW RSN, i, HAEKRIO AP T O
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T ED D o T TSR OUIKEE B & O RFRRE
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B A SIS U 7B TR B il o e, 1, saanlt
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