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Analysis on Wettability of Soil Composed of Sand and Fine—Grained Soil
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ABSTRACT

This study described the test results to evaluate the effect of fines content on the wettability of sandy soil composed of
hydrophobic soil particles. Wettability was evaluated using the contact angle obtained from the water drop test results for
Jumunjin standard sand and sandy soil containing fines content. The test results showed that the wettability of sandy soil
composed of sand and fine-grained soil changed depending on the hydrophobic level and fines content. The influence of
fines content on the wettability of sandy soil was analyzed. It was found that 1% and 3% hydrophobic sandy soil with 5%
fines content decreased by 94.4% and 32.4%, respectively, compared to the contact angle of standard sand. In addition,
the contact angle reduction ratio for sandy soil with a 5% hydrophobic level and a fines content of 5% and 10% were
24.4% and 37.3%, respectively. In other words, the wettability of the soils should be evaluated considering the fines content
to predict the behavior of contaminants, because the fines content has a significant impact on the value and increase/decrease

ratio of the contact angle of sandy soil
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A BELS o] 83 HE2HS 7715190} Goebel et al(2005)
AR TA] 9 A 7 &7} o9 whE ] 213y 2 Ak W f71=9] Pgstell thste] o] SaAdell st
=51 glow, Aol th7] E AN e HE 7pE3tE AL 9 ATA A4E 3513} de Jesus Duarte et al.(2022)=
t}. 53], Autof| A2 @ Qe B 9 A5k 2¢lo] 3 ko] @ Z{biochar) 59 ARE o]-§sto] o] FEFE
A= S Hol=t, o HET} oS- thgsf Al of &4d AdA9 FakS B7IsI.CH, Abel et al.(2013)>
st 2ol Qs Az ARSH BAR QAL gk UL AlH(water drop test)E -&3f HFo] 2 XKbiochar)7}

(Han et al., 2015; Park and Kim, 2018). 50l 48940 nals o3k Baddt b 9lth. Adamczuk

gk Y e A8 Aok 2ot Wl B3t 240wl et al.(2022)%= thFRE FEQAE LA Fo 494 Al
% 540 th2A) UehdtkPark et al, 2022). o @ @2 F3 BEUR] G Btk oloh Zol, &
B OfF, B W, B 5 L Al JFS 9 GoAol VAL R YFALE FP] Slto]
HA TjAA Fol ) & AAF o] gt vhefRt AEA o

7] fzel, L8E AsS B7lsk] flaliale stk
/\é 3}

5 S0 B FFAAL W, AF QAR AA D 77 8 ) e

oot wARt oheket Mo A7t F astt(Méndez 2 AFM e AF 29 At Fo 4 A& 2
al., 2012; Shackelford et al., 2016). S AR 3 249 AAE HrEstr] £33 A9
SO dme] wet 58789 Aol YAskaL, & UFEA, & YA} o] apdor T ARES o

el ;R 2200 o8] A5l f5o] WelA Brkkim  sjol AIYE igo] AR G40 vlAE JUL

ctal, 2022), ol §9| YRR A ASIE K55 bl ST ede B

ol LA AT FFAAR gL AL ul3it

(Kim et al., 2022; Park et al., 2022). m}aw 0% A% 2, 29M W}
=& SleiAe &9 = 209 & Ak 3 2o

2 2oxeo gylsl e} glon, AxKparticle)= 21 78

H AR 58S a4 (wettability) HF O R

&k 4= it} o]o] Doshi et al.

ge1d (2018) &2 A= Az 5842 & Al (water drop test)S 53l
9 AEE 7 2dE 2l viAls g 2431 AR | Bo] o= & ZH(contact angle) 0. &
Aot F2 A= e B7IRE B Qo 7ke &= Qlem, Fig. 13 o] o] wheh J4d 4l

Lourengo(2018)> 9] Ha/4d& AR Y IE, 55, 444 5o2 W EAS FET 5 ok B dFo)A
& ool W2 G vIAY] 2ol A Ame] At & a4 #HE e AREY 5840 diste] AlE
Am w2 554 B7PF Ul T89S AASAT. higol nAe S Bkl flste], EWe AlES

o=
Bachmann and McHale(2009)2 2 Ix}o] H&Zro] 29 AA|sle] HZ=ZMe Hrseck

Hydrophobicity Increases

Hydrophobic y

Hydrophilic-Hydrophobic

Hydrophilic

Hydrophilicity Increases

Fig. 1. Wettability of water on the flat surface (Doshi et al., 2018)
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Table 1. Soil properties
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Table 2. Water drop test condition
Classification Condtion
Hydrophobic coating of soil particles Soil type

Case 01 Standard sand

Case 02 0% [Hydrophilic] Standard Sand + fines content 5%

Case 03 Standard Sand + fines content 10%

Case 04 Sand

Case 05 1% Standard Sand + fines content 5%

Case 06 Standard Sand + fines content 10%

Case 07 Sand

Case 08 3% Standard Sand + fines content 5%

Case 09 Standard Sand + fines content 10%

Case 10 Sand

Case 11 5% Standard Sand + fines content 5%

Case 12 Standard Sand + fines content 10%

Case 01
Contact angle 0°

Case 02
Contact angle 0°

Case 03
Contact angle 0°

(a) Hydrophobic coating 0% [Hydrophilic]

Fig. 2. Contact angle from water drop test (representative case)
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Case 04 Case 05 Case 06
Contact angle 115.5° Contact angle 5.0° Contact angle 0°

(b) Hydrophobic coating 1%
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Case 07 Case 08 Case 09

Contact angle 125.0° Contact angle 70.0° Hydrophilic

(c) Hydrophobic coating 3%
yarop g

Case 10 Case 11 Case 12
Contact angle 141.0° Contact angle 102.0° Contact angle 80.0°

(d) Hydrophobic coating 5%

Fig. 2. Contact angle from water drop test (representative case) (continued)

Table 3. Test results

— Contact angle (°) — Contact angle (°)
Classification Classification
Test results Mean value Test results Mean value
0.0 136.5
Case 01 0.0 0 Case 07 138.0 133.2
0.0 125.0
0.0 70.0
Case 02 0.0 0 Case 08 95.0 90
0.0 85.0
0.0 0.0
Case 03 0.0 0 Case 09 0.0 0
0.0 0.0
1215 141.0
Case 04 17.0 118.0 Case 10 143.0 140.8
115.5 138.5
50 108.0
Case 05 10.0 6.7 Case 11 11.0 107.0
5.0 102.0
0.0 80.0
Case 06 0.0 0 Case 12 90.0 88.3
0.0 95.0
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Contact angle (°)
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Fig. 3. Relationship of Hydrophobic condition — contact angle
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Fig. 4. Variation of contact angle
afp 50| %S S, BRG] HHAES 254 1%~ %, O+ 2% ~ 10%E A9l oS oz
a0l 1% ASE2po] ulstol W 194%7HK) S71sHe EEARe BE AW oA SAE 2SS 2 A
S o Aok 22A AYE el 5% ARE o= HUHESITh ey A ES] FPols TET &5
£ AR R SHE 2 04 S0Y 2O YA Sl AUE el Solole da o4
ustel W 18.9%7F F71BHE AOR HAISUT, MY SIF ARCE, BAT AYE TFRE 2ANHE 254
= 0] 1040 B0 S 28 S DI £E01 HULS AUV GAGE AR & 5 0
M52 7 Aoz ek ok Fig. 4% 04} 45 W7l 919 28 A9 24
2 el 2 A1 2ol el 3300] 922 B o nh2 2] Wk ekl Aoldh, olek o] )
Ftol AlE Ate] Aelde s} sk ool Al o] §9le 7} AR ZolN BEAR} AlYES} E3kE &
Y Ase] oxf £ WS $I5t] 39 B WEA AR viant 2 2 a4 799 vt Hold] o
gu] ex1ge s ol HEzo] %E Ut 3 Aow 2gEg,
1:- ZH(case 01, 02, 03, 06, 09)2 A 2|5}t
B 0] 1%8] A, EEAease )L FEH 32 HUE WEB0| YOI UXE ¥
=7t Eﬂ‘ﬂ oF £ 2% ~ 3%2] LARFIE Hlow, 5% Al
HE FF-& Z7(case 05)ol| A= oF + 33%2] o397} A-E & 270 AHHES] G840 nA= 9F
Uebgdth 254 230] 3%9] A$oll= EEAKcase 07) = B7WP| floto], Agd ol wheh A E et
9} 5% NYUE 388 ZH(case 08)0] Z+zF OF + 2% ~ AEzre] BAE Fig. 59 o] A6, J&2ke
7%, OF + 5% ~ 29%2] QAPHAE 2h= Ao Z HriEQl  BAEkS ol8SHIth Fig SolA] Hi= upet Zol, Z4A4]
thoObEoR Ag Sfo] s%el A90] SAME  HE B4 2 0% a4 £ES HYE F48T
HEZEAcase 10), 5% AHE T8 ZZ(case 11) Z 10%  TAVF §ls 202 FRlEfo] B4 oA ALstsrt.
MYE 3-8 Z7(case 12)0] ZrZF 9F 2% oJuf, oF + 24 £F0] 1%0] AL, ER2ALE 7|50 =2 5% A9



160
Hydrophobic zone -8 Hydrophobic condition 0%
140 ¢ -¢-Hydrophobic condition 1%
A Hydrophobic condition 3%

120 ¢ & Hydrophobic condition 5%

®

= 100

Contact angle

40

20
Hydrophilic zone

N
0B 4
0 5 10

Fines content (%)

Fig. 5. Contact angle from water drop test
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