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What influences bacterial adhesion

 Roughness
| « The material

— Hydrophilic

— Hydrophobic
e | « Properties of the
Shonielve P v i i & pacteria




Adhesion of materials to surfaces

 Adhesion of oil in air and under water

i w=wat er
a=al
ol - - sol‘
AG = Yos - Y - Ys T - V\é AG = Yos = Yow = Ysw T - V\é
adhesion if Yoo < Y, tYs adhesion if Yos < Yow ¥ VYsuw




Theory of surface tension

e Surfacetension between air and
material

— d
"Y= YRy
— YP polar componet of surface tension
— Y¢ dispersive component of surface tension




Surface tension of some liquids

Substance Yy (MN/m) yP (mN/m) yd (MN/m)
Water 72.8 51.0 21.8
Glycerol 64 30 34
Ethylene glycol 48 19 29
Dimethyl sulfoxide 44 8 36
Benzyl alcohol 39 11.4 28.6
Toluene 28.4 2.3 26.10
Hexane 18.4 - 18.4
Acetone 23.7 - 23.7
Chloroform 27.15 - 27.15
Diiodomethane 50.8 - 50.8
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Surface tension between
two phases

Interfacial tension between two phases (a and b)
can be expressed in terms of the two
components for each phase

Yoo = Yat Yo -2V(YPYpP) -
2“/(Yadvbd)




Adhesion of oil to surfaces

* Possible to calculate work of adhesion of oll
to surfaces
— Surface in air
— Surface under water




Work of adhesion of a mineral oil to
various solid surfaces in air and In water

Quartz 732 g

Crown glass a5 20

Nylon 6,6 a7 a1 _ _

Polyester 53 54 For m neral oil

PET 55 67 yod:25 mJ] nT2 and VOD:O

PVC 57 73

Skin — forehead (a) 6] ]

Skin — forearm (a) 62 80

Tooth enamel (b) 63 84

Polyethylene 35 836 _

Polypropylene 52 99 W, = work of adhesion

Human hair (c) 49 74 in air

g}ili-:nnﬂ PC200 film on 47 a0 V\éws = work of adhesi on
A55 :

C18 amine menelayer on 47 102 hn wat er

glass

PTEE 42 01

FC721 (3M coeating) on 34 95

H‘}_ags dint and Wcks 2001
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e OIl adheres well to hydrophilic material in air

e OIl adheres badly to hydrophilic materials in
water

— QOrder Iin water reverse to that in air




Water drop on a surface

Three phase
contact line

§ Drop spreads § Drop does not spread
§ hydrophilic, low contact § hydrophobic, high contact
angle angle

§ High surface energy § Low surface energy




Contact angle

®© = contact angle
Yy = surface
t ensi on or

Solid surface energy
(unit: m\/ m or
Ypoosd = Yo~ ¥y m/ rn?)

« Surface energy of a surface can be determined by mesuring
contact angle of different liquids with the surface

« Contact angle of water
— Hydrophobic surface, © > ca. 70 — 80 °C
— Hydrophilic surface, © < ca. 50 - 60 °C
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Roughness and contact angle

e Contact angle of a water drop on a rough
hydrophobic surface is higher than on a smooth
surface of the same material

cosB = f, cos@, - f, Cassies equation

f, = proportional surface area of material
1)
f, = proportional surface area of pores or
air

6,=90°, f,=f,=0,5—-6=120°

6,=110°,f,=0,2 —6=154°

“‘SUPERHYDROPHOBIC"
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Superhydrophobic surface

| .' o2
E B
5. Olurm

— 1 pm

http://www.aip.org/png/2006/247.htm

Self cleaning



http://www.aip.org/png/2006/247.htm
http://www.nees.uni-bonn.de/lotus/en/lotus_effect_html.html

Superhydrophilic surface

A drop of water on a superhydro
spreads, disapears and form a fi

Dew can not form on a superhyo

ohlic surface
m

rophilic surface

Raindrops impinging on a superhydrophilic

surface form a film that drains of

the surface

Water can penetrate between dirt and surface
contributing to self cleaning effect

A superhydrophilic surface dries

fast



Photocatalytic self cleaning surfaces

e Surface Is coated wth titania nanoparticles

 llumination with UV light
results in a superhydrophilic
surface

* Free radicals (hydroxyl,
oxygen) form and break
down organic matter on the
surface



http://www.newkast.or.jp/english/museum/index.html

Applications of photocatalytic
surfaces

o Self cleaning windows

— On the market in many
countries

o Self cleaning ceramic tiles
— UV light needed

— Self clening with indoor light
beeing developed

Sprays with photocatalysts
— Curtains etc.




Superhydrophilic silica based coatings

Wat er can penetrate between dirt and surface
Hel p in washing away inpurities with rain
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Easy to clean coatings

* Low surface energy coating that give a high
water contact angle, 110°

 Low adhesion forces between surface and
dirt - dirt can easily by wiped away.

e Previous results have shown that bacteria in
water suspensions adhere better to stainless
steel with easy to clean coating than to
stainless steel itself.




Modification of surfaces with
surface active polymers

* Mirapol Surf-8 polymers adsorb on hard surfaces from
diluted water-based formulations
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Rhodi a. com

B i

=lep 1
polymer in salution
approaches surface

Added to cl eaning
formul ati on

Pol ymer not easily
The polymer washed away
modifies me
SUMace's energy,
malkang it maora

waler sheeling effect hydriophilic Soil release effect
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Easy to clean

" el
Camrercial dearer Comrercs deaner Commercid cleans Commencial dearer
+ 1% hfirapol SURFS 110 + Bakmpd SURF-S 110
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Why measure surface energy?

Adhesion of bacteria to a surface is influenced by
the surface energy of the surface and the surface
energy of the bacteria

Bacteria can be hydrophilic or hydrophobic

Hydrophobic bacteria adhere better to all surfacs
than hydrophilic bacteria

All bacteria adhere better to hydophobic than
hydrophilic surfaces




Surface energy of bacteria can be

measured

Surface energy (mN/m) |
Hydrophilic

Psuedomnas putida®
Listeria monocytogenes®

Glycerol
Hexane

Glass
Stainless steel
Polyethylene
Teflon
Water

35.3
49.1

64
18.4

64.4
45.9
31
17.6
/2.8

mat eri al s
- high surface
ener gy

Hydr ophobi c
mat eri al s
- | ow surface
ener gy
“Bacteria iIsol at ed

fromlcel andi c
fishing Industry



Free energy of adhesion of
bacteria to a surface

< b w

_Sg

b = bacteria s = surfce w = water

AG = Ybs = Yow = Ysw T - V\é adhesion if Yos < Yow ¥ VYsw

Yoy = Surface energy between bacteria and water

Yow = Surface energy between surface and water

Y,s = surface energy between surface and bacteria
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Adhesion can occur If free
energy of adhesion negative

Free energy of adhesion
of bacteria to surface (mJ/m?)

Surface Pseudomonas putida  Listeria monocytogenes
Polyethylene -55 -8
Stainless steel -16 24

Pseudononas has a tendency to adhere to nost
sur f aces
Psuedononas 1s very common in the fish
| ndustry
- can be expl ained by above results



