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Overview

1. Materials Science Experiments
e Super-hydrophobicity
e Penetration-to-skating transition
e Similarities to soil water repellence

2. Nailve Model of Soll
e Hydrophobic granular system
 Model: Calculations
e Experiments: Glass beads and sand
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Super-hydrophobic Surfaces
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“Skating” to “penetrating” transition



Penetration-to-Skating Transition

Micro-Structured Surface
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Different Liquids on a Super-H Surface
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Porous Materials

No Penetration
Water droplet skates across pores
Contact angle is weighted average of &,

and 180° using fractions f and (1-f) N N
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Pre-Existing Penetration

Water droplet on grains and filled pores

Contact angle is weighted average of &, EEEN

and 0° using fractions f and (1-f)

Small solid fraction f leads to eithéf=18( or §=0°via
cosf, = fcos6.F(1-f)




Requirements for Super-hydrophobicity

(@) (b)

1. Surface Topography
- roughness, hairs/fibers, surface
texture, porosity, sharp features

2. Hydrophobic Surface Chemistry
- reduction of capillary penetration

Hydrophobised Sand

Water on hydrophobised sand
Sand grains [1100-400 um

Can ideas explaining transformation of a) to b)oadgply to c)?

If so, does this occur naturally in sandy solil?




Soll Science Literature

Extreme Water Repellence

1.
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Soil exhibiting it is within the upper part of the soll profile
Promoted by drying of soll

Established via natural processes or oil contamination

Loose sandy soll is more prone to it

Forest fires or intense heating of soil is known to cause it -
volatilised (hydrophobic) waxes from organic matter subsequently
condensing and coating soil particles

Non-Soil Scientist View

Soil iIs a convoluted surface consisting of a pofgusular

material coated with hydrophobic compounds




Contact Angles & Topography

Smooth Surface (a)

Young’s equation summarises
the surface chemistry

cosd, = (vsL—¥sv)

smooth solid YiLv
Rough Surfaces
ldentical surface chemistry
Wenzel Cassie-Baxter
(b) ) J ; (d)
water on solid water “skating” water on
- ~..._ across solid solid-liquid surface

Wenzel ("SUCKY") Cassie-Baxter (“Slippy”)
CosBy =TI Ccosb; cosfcg = fcosf, —(1- f)
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A Naive Model of Soll

Assumptions
1. Uniform size, smooth spheres
2. Water bridges horizontally between spheres
3. Capillary (surface tension) dominated size regime
3. Ignore complex grain/pore structures, micro- or macro-aggregates with
differing hydrophobicity, water flow and transport properties of soill

Side View Top View

2(1+9R air in gaps



Pre-Existing Dry and Wet Soll

Cassie- Baxter or Wenzel?
1. Cassie-Baxter state is often a metastable state

2. Water can be forced into pores by applying pressure
3. Water vapour condensing can form Wenzel state whereas a droplet may

deposit in a Cassie-Baxter state
Droplets Deposited onto Dry/Wet Sand will be Different

Droplet on Dry Sand Droplet on Wet Sand
(@) (b)

Sieyeze

air in gaps water in gaps




Principles of Calculation

Dry Soill

Cassie-Baxter equation with
ST 5 cosAy = f cosd. —(1- )
composite solid-vapour surface

Soil with Water in Gaps

Cassie-Baxter equation with COS6(,(\:/ = f cosf, + (1_ f)
composite solid-water interface

Solid Surface Fraction

Use geometry f(£) = 1+cos<b,
Grains not close-packed - 2 1.

+ + + —
Centre-to-centre separation 1+coste “@(1 5) / T 25|n Oe

between spheres is 2(1+€)R
where, €, IS a spacing constant



Dry Soil - Water Repellence Enhancement
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Wet Solil - Water Repellence Reduction
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Experiments on TMSCL Treated
(61108°) Glass Beads
600 um and 126° 250 um and 14Q°

Packing
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Experiments on Hydrophobic Sand
Shape and Packing Sand with139°
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Experiments Performed or In Progress

1. MED and WDPT comparisons to contact angles

2. Systems with mixed sizes of glass beads
3. Systems with mixtures of hydrophobised and non-hydrophobised beads/sand
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Conclusions

Nailve model predicts hydrophobic enhancements

Packing effect is consistent with loose/fluffy soll

Size range of grains is plausible for super-hydrophobicity
Relative humidity/wet soil would reduce water repellence
Sharp features on sand would have a dramatic effect
Microstructure of any wax could have a strong effect

Run-off and raindrop splash erosion would be enhanced
MED (Cassie-Baxter to Wenzel transition) and WDPT
(Wenzel infiltration routes) will not measure the same effects
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Wetting and Topography

Complete Penetration Air “Trapping”
Displace liquid Displace liquid
surface surface
>, q,q P . >
Liquid OO@ vapor ;quw >, vapor
drop R CCCY ) N (6.
solid — M .~ Vapor AA (1984 solid
Surface Free Enerqy Changes
AF =(ysL —ysv)rAA+yLy cosAA 1 AF =(yg—ysy) IAA
+ )y Q- F)AA+ ) COSAAA
Wenzel's Egn Modified (Cassie Style) Egn
COSE =1 (ysy — Vs ¥y =rcoss cosfg: = f cosds - (1- f)

r =AA, J AA = roughness factor: f = fraction of “rough” surface wet



Effect of Topography - Air “Trapping”

e Ligquid Penetration into Texture f (1)
f=solid fraction, (1- f)=liquid fraction A

r = roughness ‘ I h

Liquid film penetrates when:

Critical angle 4, is in 0 to 90° range costy > 7 0%
o “Skating” Drop
Liquid bridges from one peak to next cosg} = -1+ f(cos@§'+1)
e Air “Trapping” and Roughness
Sinusoidal model gives critical roughness for a2 g
installation of horizontal contact line e =1+—, =

(e.g. for 1200, r =1.75 = jump in &Rto > 150)
Also, sharp features promote “skating”



Effect of Topography - Equilibrium
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Contact Angle on Smooth Surface
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Roughness/Topography
6.5 > threshold
= enhances hydrophobicity
6.5 < threshold
= enhances film formation

Super-hydrophobic

Air “trapping” (“Skating case”)

— most existing examples

. Pressure

= alr trapping disappears
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Wenzel Form of Super-H

Wenzel's Equation

e Based on roughness, r COSHéNZI’ COSHeS
Consequences

e Saturation to non-wetting COSHeS - =1/r
« Saturation to wetting Cos@eS - 1/

e NGV
o Amplification in-between e >1

S
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Contact Angle Hysteresis

e Super-H with large hysteresis, I.e. “Sticky” surface



Cassie-Baxter Form of Super-H

Cassie-Baxter Equation
e Based on composite air-solid surface, f
cosfy = f cosds + (1- f)cos(80
Consequences

« Complete super-H of 180° only reached when £,5=180°
e Easier to obtain >150° than with Wenzel

e Transition to super-H promoted by sharp edges on features

Contact Angle Hysteresis

* Low hysteresis: “Slippy” rather than “sticky” surface



Effect of Topography - Aspect Ratio

 Penetration and Aspect Ratio

As roughness increases system jumps from blue (Wenzel) to
red (Cassie-Baxter) curve, OR
For a given roughness, jump occurs with increasing chemical hydrophobicity
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