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The Lotus Effect: Theory and Application
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ABSTRAT

Scientists have learned to apply the concept of the “lotus effect” to develop surfaces
with special properties, i.e. those capable of cleaning themselves. The self-cleaning surfaces can
be cleaned more easily, and will remain unsoiled longer than simple surfaces. To mimic a
surface of a lotus leaf, the surface of interest must be rough and hydrophobic. Dirt particles with
an extremely reduced contact area are picked up by water droplets and are thus easily washed
away, leaving the surface clean. All lotus-like surfaces are superhydrophobic having a static
contact angle greater than 150° and a water roll-off angle less than 10°. Two fundamental
models that describe the contact angle of liquid with a rough surface are: first, the Cassie-
Baxter’s model for a rough surface with air pockets present between the solid and the liquid;
and the Wenzel’s model for a rough surface without air pockets. Comparing between these two
models, the water droplet in a Cassie-Baxter state can roll-off more easily. However, the
transitions from a Wenzel state to a Cassie-Baxter state have been reported. Currently, the
research on self-cleaning surfaces based on the lotus effect becomes more significant to both

academic fields and industrial applications.

v v ¥ ¥
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Adnagy: nsilendy Usingnisalinnasuuludy wuidsuwuuluds Wulviheuazeindaedla

Nufaerowihdaen
Keywords: Lotus-like surface, Lotus effect, Self-cleaning surface, Superhydrophobicity, Wetting

phenomenon
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dW dW ( dt dt
E:?(EJZ(KR'%V)E (3)

anuiianuvguseadate dr/ dx s

& "W £

\Wududsedndmanuvuse (roughness factor,

R) FaduApsinanaiiuii fely 91naun1sa (3)

. dt v
wnuel — =R, aglen
dx ‘

7LVCOS€:Rf(7sv'7SL) (4)

Watiaunisin (@) Tuieuduaunisi 2) agle

AUNTTVDINIULY R

cosd = R, cos 6, (5)

o

e 0 fie yudulauuiigusy

3

[ a [ [

6, Ao dulEUURISEU SoyudNNaYDd

3

'
a o o _a

R, WJudnsndiuvesiuiiidudanuiasa
FEWINNYAVBUNAINUNURIVDILDS (A) AoNUR
ANRYNYAVBILNAIVUNURIVD LTS (geometric

projected contact area, Ap)

POt Ry 2 1 AIUUAINLUUT1aDAI UL

fufafivgeszagsinliveunariuvosudadiiu

¥
v o W ==

ROdUNEN UL
dmiuiiuiaveud (6, < 90°) Waay

1395% R, Wuiuazviliidn 6 asas uilads

YOUUNNTY
dmiuiiuialdveuin (6, > 90°) Ay
YVIHUNUTUAIIT A1 @ iy FuiaBreui

1pyaq

£%

nnasanwlagdnidenarengu Lo

Toasudn anneluwaIzinliuuiuivsE Il
druyuludnuaediuienszangdiag uuinuid
(Yoshimitsu et al., 2002; He and Patankar,

2003; Patankar 2003; Marmur, 2004) Uﬁiﬂ‘ﬁi 5b

U

LUUINABILLALYEY (Cassie’s model)

a 4 3

LUUT1a09LIULYATYAUNURINDIA

Py
aad a

Usgnaumaaiiiduagraieniu walunsainiuia
flasdusznaumanifiunnaneiuninninvdesiia
nsranefuduntheidn q lneiuiivesudasmiae
EANIVUIAVRINEAYDLNAININ AT ELazLTND
1944)

Was (Cassie and Baxter, f9717180

v
g a

YDUUAIE A OIFUNANUDIAUTZNOUAN UUNURD

¥
A a

tu Aryndudasinguesiuialunsdiuin
UsznauniueInlsznounIsAilaetesnlssnou
(pafUsEnoudl 1 wae 2) evedungldlagaunis
vosuALfg-utndines (Cassie-Baxter’s equation)

Ssteluil
cos(6)= f,cos(6,)+ f,cos(6,) (6

Wo Guay 6, unuyudulaseninmenraanad

AuIAUsenNau?l 1 Laradrusenaui 2 muansu
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@ war @, wnudndruiuNiIFulaves
YILUAI-8IAUTENBUNL UAE VBILUAT-
29AUIZNOUN 2 AuaIAU Ay @ + ¢, =1

wniuinduiuianfianuvguszgauas
Juiuiligeudn Wuldlddmestazldanise
wsndudnlumuseadnseminaduuuiiuinugess
v & ] & v H & .
sadulusendnngliventisiluyesenie (air

@

pocket) #35U7 5c Fedolainesrusenauniaail

U
¥

vesituiiiazUseneudevesds (eadusznoud
1) uazo1a (e3rUsznoui 2)

6, wwnareluyududaszninmen
Youmaatuvesds Muupsusiwidu 6,

6, aznareduyududaszninaven
Younadiue1ne mvuadudstndidu 6,

duaz @ naroiludndruiiuiifiduda
FENINNYAVDUNAINUVOINTINAZITNININEA
youmnadtuena muuadulsluilu g, uas
@, muddu unuadnslsiasluannisi )

agle
cos(0) = gy, cos(6,)+ 4y, cos(6,)
Lﬁaqmnyué’uﬁaiwdwﬁmaxmmm
(6,,) = 180° Fafuazld cos(6,, )=—1
cos(0) =g, cos(6,)—4,,
wnuen @, =1-d,, alin
cos(8) =gy, cos(6, )+, —1

Wiehduusgdnsanueguse (R) 11T
e ldaunsveaade-windnesnusuugae

(Marmur, 2003; Patankar, 2004) Fail

cos(0) =R, ¢ cos(6,)+dy, —1 (D

iiudn e @y, =1(liTvesenialy

999719 NuAvaNAIFURANUN LRI MUY ILT
) a I

WYY @NN1TN (7) aenaneJudnn1suDRIuDa

Tuaun1sy (5) duees aun1sy (7)  duwiubelu

nsdfvenveatunzoguudlIuduly

(protrusion)  waINuAI3YsY lneliadluluses

[ 13

seninadu anelusewnardisdniivennialy

v
P

faiuidulavemenvaavadIfuiuR L JuRi Ul
1B3UsEnau (composite interface) Mflvaduimiu
YaauTauaza1nIa
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v W '
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aneliundu v3edla1 ¢, gwWu ke
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v

AU (Jung

v

anwldveuinld fien ¢,
Bhushan, 2006)

and

R, cos 6,

o o

dmsu g, <90’

by 2

R, cos6,+1

uilumsufiRenalailddn @, gmediaz
lAnnaUAsunganiwlivouiild vieen
WUil ¢, gauin Yeseiniadilioylad
LEnesnImN

dmsuiiuiinliveuh (6, >90°)  n
@, Tastuasvinliuuduiadadulaiiiuidy

I3HUNIRUTUTEAN Y

v
a

delsiunuand fgAnwrinaunisvesiou
wakazaun1svesad-utndmesezldlanele
veaveunarivunalvgweiloisufiuruinues
AUV (Marmur,  2003; Wolansky —and
Marmur, 1999, Brandon et al., 2003) uaﬂmﬂﬁﬁ
n1sAnwInuINszuvluanIzuAldy AgLinann

wuRvusenidivyuludnvusiduuvimenas
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NSgNUAIBENNT 9 Ay
(Yoshimitsu et al., 2002; He and Patankar,
2003; Patankar, 2003; Marmur , 2004)

Aaanslusy 5c

n1saguan1znIslen

v
% o a

Womnitufnaviewihdseansndudost
AnduiadUsenauiidamnuates duiuidesdl
MsAnwILEDYSNINVRIEN NERAT-LTNTWnes A
oi3unlaggadn “@annisuAldis” Lay “@n1isiiu
\wa” 39 Nosonovsky and Bhushan (2008b) %1
nsnnassuazasUinannzuABainsalaoy
1UgjamwnuwaiﬂaLﬂ'fJumim?{auLLUamuwTu
ndulalld anmznugauenantuiunueguse
vosiiufiuda SsgninileniliiAndulalnenisls
WINAAUKEATBMAT (Jung and Bhushan, 2008)
Tianuaesdnglwidn (Krupenkin et al, 2004)
wsoviliiAnn1sdu (Bormashenko et al, 2007)
Judu wadsldnusisnunsiasuainaniiziou
waldiduanzuade Uninermandidedinis
Lﬂéauam'szmﬂamwnumalﬂzjamwLLﬂL%%
Antudlewdsnuiiuinandssnisaniieiaaesd
AR 58na1alaan Lﬁaymé’uﬁasﬁnﬁﬂuwmﬂ
aunTsYeEnIEIER A WINAY Fuduiiunves

[

LNFUAEINGA (critical contact angle)
UUFUEAHINGA

Bico et al. (2006) L@UDINANITUUULIU
wa azdsuduaniizuuunade (Cassie state)
deynduiavesdsfidunnniyududaings (6,)
ANNTReENnIs? (5)  wiruaunisd (7) szl

aun1suanadn 6, fewialudl

¢SL -1
Rf _¢SL

oy 6 AeAmududaingfndunasin

cosf, = (8)

dsyavianuviuse R,

Bico et al. wandlyifiuin 71 @ > 6. ven
vosvaazogluanzuaide uasil @ <6, non
Younaagegluannelugs

o8719l5fin wudndiusyududadadi
Fouly 0< 6. winoaveamarfsamusaoglu
anmzuadold wansivusiuszuvegluanig
gUiatius (metastable state) Callies and Quére
(2005) aguin Padefifuunimenvesvalazey
Tuanmgla uenantutudnuasvesiuiug &
JuiviaduBusaudie wanamuiimenvesvadi
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a
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a
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f189MYAYBUNAIUVUNURIANY WINLWINUIT UY
FuRaRgIfy YSuasuenaaadanunsafimun
danneveasszuuld 303U 7c MEAUBINAITUIN
Ingjazegluanizualde YUETINEAVDLNAITUIN
Endafennisianuvennanduaresiesay
ogluanaziiuga feduvuiiuinfeatunen
vosmaranvegluanualdeniean nzuean
i)

Nosonovsky and Bhushan (2008a) e
Jrfinalnsneefivinateiaiiosnin (destabilization)
yosenvasadtuanzuade laun adunzla-
a13 (capillary wave) N15AIULUY
(condensation) wag n1sazaNAl (accumulation)
vpanenveLnalsEAvuily nasnauaulaiduy

LURLABINUURINURA (surface inhomogeneity) &4
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ﬂalﬂméﬂﬁé’wﬁuﬁuszﬁ’ummmq‘uisLLazmiﬁ
anuvsvsluvanesyivazanunsatiedesiuladli
afigTAINYBIEAYaUNAlUAN T LALTYYN
¥iraeld venanidaiinisnanndedased
fuansasuan1edu 9 Wy anuldwemen
¥94%1a7 (droplet curvature) (Quéré, 2005)

1AT9A319AUVTUTLVRINUAILATYUIAVDIVIEA

Yauuan (Extrand, 2002) Lilafansanluwdveas

" 15201
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.} - v A

navaamar A g

(c)

AnI=IEn

.
_ i

NAIUTNYIVDY Patankar (2004) L@WDIINT

v

Wasuanmenanzuadeddindanugaluds
anugaiindumninintuldgaenis
anatuInasIudndlunaas (gravitational
potential energy) mﬂmﬁﬁmmmmamawﬁu
Lﬁm'aammﬁu?uisuuﬁuﬁa LLﬁauuagmméﬂﬁ%ﬁ
vanenanuitefiatuayy wifdslduudaionig

Wasuannziinuunalnladundn

THEFAUE TV A Iiil'l

AN ITUIED

JUN 7 uanameavauvatluannzualy (Meav1edie) wagannigiuea (Mean1awd) vuituidediy

nsasuananzuwadelganznuwaiintuldain (@) n1sliusing, (b) n1ssemeveamad

panllungdI way (C) IUINVRIEAvBLYAR (AALUA%RA Callies and Queéré, 2005)

FenasTTavauulE

v
o
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ao

voudsazdirngiluaniisiiuaa unvziiAisily

anmzwale seauluanielale venvaLaiay
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A a sl

YDINLATDLMAIVUNURINAD FalnasiTavesyy
duila (contact angle hysteresis, CAH)
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4 | A I3 aav 1
19 19U ANVFVIE ViseRIRUsENoUNINANTILY
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Besituiln o (rolloff angle 13e tilt angle ) viem
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gué‘uﬁagmﬁn (Advancing contact angle, 6,)
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angle, ;) Fe@1 CAH  Mwaldannuassg
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AU AU
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VAN

SN msnilsitléin CAH leRediuuaz
AAUTNINIVEATEUMAIVUALAT (add/remove
method) #43U 8b (Gao and McCarthy, 2006¢)
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v o
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fushdudluiiioadnios (A CAH  #n) Tumanss
411 nenthazRnuueguundunuatuusiigdu
THduiifineairaiiasiniy feiliosannussde
mﬁ'miwdwwamﬁwﬁ’uﬁuﬁwmﬂﬁuquawﬁmqn
(F1 CAH g4) BepBunelddfandunmaruuagluti
aanilassadwgsslussaululasunsuazuily
win3 ulAsaEs AT sEmENiveandunmay
Agne1unIlasiasienuviussvesluds vu
fuialuth venthayldansawnsndluluses
anuvguszld JedussBamieatuialutad ud
dmundunmary uwveaiiagldannsownsndy
\ihsesiidvwiadnuinls wideaunsadudily
Wensesdaiinnalug Geiulalasunsld (Uil 9)
lmeatiiflvuadn 9 aansefiusdamies
fundunuauldgedslindangaludie q Luus
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vaalumausaltiudasld Usngnisaifiveatinas
Baumzuufnvesndunrauil i3endt Usingnisal

wuunaunenll (petal effect) (Feng et al., 2008)

Heau

3UN 9 (a) nemhuurindunmau veatannsaunsnidlulugesinesenitamniiaanls (petal effect)

(b) nestnuuinluth nestnldanansownsndnluludesingdd (otus effect) (Feng et al., 2008)
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ANSNAILINURINIAIUELD1AN D9 LA LAY
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1) nsuiuiiufinvestaglivoutily

93952 1Hun1siTag e udiuiinisuiuuss

¥
A a

WuRIliANvIUTE
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et al, 2004; Shiu et al, 2005; Singh et al,
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(Xu et al, 2005) wiswiluidenles (Yabu and
Shimomura, ~ 2005) fuansiafidy q flaiunsn
wielHuiuivssgldng

12 %alau (silicones) 1Huaniidning
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gegnalaanndannianunainvaiedy a1u1saul

TJaanaulaurUFunuidalivsvse (surface

= '

roughening) mﬂﬁ?ﬁqﬁmLLﬂiﬁuﬁﬁa@mzmzaq
w&lwilaudlieuin (hydrophobization) &4
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