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ABSTRACT

Application of superhydrophobicity principles to separation processes such as
oil — water separation and self-cleaning surfaces receives so much attention in recent
years. However, practical uses of most current superhydrophobic surfaces are still
limited due to some shortcomings such as weak mechanical strength and complexity
of the preparation process. The present study focuses on developing a method for oil-
water separation by using polyurethane sponge which has been treated with fatty acid
modified copper hydroxide powder to improve its hydrophobic properties. The treated
sponge was characterized for its surface morphology and the contact angles of water
droplet on the sponge surface were measured. It was found that modification of the
sponge resulted in an increase of contact angles of the sponge with a contact angle of
90 degrees to greater than 150 degrees. The performance of the sponge is shown by
the adsorption Test and the durability Test of the coatings in accordance with ASTM
F726-99. Absorption of the oil is enhanced by the use of a highly porous sponge and
further improved by using a fatty acid with a larger molecular weight. After 5 cycle of
adsorption the adsorption capacity is still more than 80%. The adhesion Test of the

coating shows good adhesion even in dynamic conditions.
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R—N=C=0 + HOH—» [R —NHCOOHJ-—P R-NH,+ 0, $

Isocyanate Warer Unstable Amine
carbamic acid

R—N=C==0 + HN-~—R ~—» R—NH CONH—R
Isocyanate Amine Disubstituted urea

® nMaiinUfisenseninslelelisunivesin

o

\ | 110 °C
R—N==C=0 4+ R—NCOO—R =p—=R —-—-—?\;COO-““R'
? ]11 R—NHCO

Isocyanate Urethane Allophanate
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AUENNITNA (1)

Ynasgnguy = Yuasnn — Usumsveaiedag (1)
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1 U 9

AU (3)

1= il = = A = al 1
Ysnsgnu = dlnnsniuvesveanal — dsamsiivienaauy (3)
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2.2 WuR2llvavuiagnsdieena

2.2.1 Usngnisain1sillen ( Wetting Phenomena )

2.2.1.1 Wettability
nsenveiuiriagueswdameveunandudiudrdyresinermansiaguaziall
& a [ o v o 1 a ala o & = & a
Wuily uazidumshbidumslfnuasdudinusydriunazanamnssy enemnsuuiuiiale
WuRmils ssiemudululs 2 asdlde veaiasilunsanay 58091 Anti-Wetting v3edn

nstiveadndenuuiuiinegauysal 13807 Super-Wetting

A B C S

Anti-Wetting Super-Wetting
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2.2.1.3 wWuUIIae9nN15len ( Wetting Model )

Wenzel Cassie-Baxter
U7 9 ANWILUBIBATUMRIULNURI LT IMLILUUTIABIANE

@

Safl

® Young’s Model
dmiunegarenvatvuiiuiiey Tuiuudiassd malenvggnimunlagndanudasy

YenuAvads 9:16nL Young’s equation Tuaunisit (4)

cost = Yo — Kl (@)

Yw

A = = o
e Y AD WSafaRn
0 fe yududanialaannisveavesnaIvUvBILlY

o

Pnaumsaziiiulaan useisiadudndiunuynduda nanaldayuves Young d@519lag

o = = (2 =
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dAglunmsiamalen dwmulunsjoaisliannsaeduieaiuannisees Young ldedna
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® |Wenzel’s Model
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LuudnaeafiA et anavesnnu v ssuasna iR 8aseduius Auyududa 1Julun
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dun1g (5)

rVep — Vs1) = VvaOSBf;V (5)

P * 4 @ as & y
e Oy, fie yududawes Wenzel fiflnaninanuuguszueaiuily
way 7 Ap ArAYFUIEYeIUED aldaunisues Wenzel auaunis (6)

cosOy, = rcos@ (6)

AuN15909 Wenzel  95UN8WURI5U52AUSULUASUAIMNATINITO I UNITEALNIZ LAY

s £
¥ e = @

Jaanunisinnnl silfluegiudnuugiui dludloydudavaiaFeuainndt 90 adfm Ay
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ludlwilamennule

® (assie - Baxter’s Model

° ° V= P F & ) 1Y |
LLUUQWaa\?an'ﬁUWUN?VﬂNL‘UU,L‘L!@LG]EJ?HU U58nNaunie 2 d@iu ANaunis (7)

cost = ficos6; + f,cos0, (7)

e O fe yndudaveauudians Cassie - Baxter Tunuudiasliaundliiloinimegly
Yovivesiuilaveuval sfiasanlainnuiivesianlidudaduve waiuazlidon d1d

wADIMATBYTEnIntalaazanal uu B, awdu 180 o anansndeuldsenis (8)

U

coslcp = fs(cosfs + 1) — 1 (8)
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2.2.2 myUszgnaldnu
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» Increase of corrosion resistance
> Anti-fogging surfaces

» Anti-bacterial surfaces

> Anti-icing surfaces

» Oil and water separation

> Self - cleaning surfaces

> Drag reduction

» Sensors

> Optical devices

> Membrane distillation and water desalination

2.3 d@131a8u Superhydrophobic Coating

2.3.1 n3alasiu'?

nsalusfufuansuszneulalasmiveuifussdusznauiuguveslufunnuin dnwae
Junsamsueilln Swgdilsdduasuenda fimeveadulduuuevaviiin ( Aliphatic ) 817 $1u
mdusuagiatios 8 araeu liuanAs duniuszsewinssusuanaduiussieioun o
Sendinsaleudus Jedrfiaududaunn wsddnvasduleiu wWu nseassn ( C,) nia
laadin (Cia) NIAUIAERN (Cye) nanafiedn ( Cyg) Wusiu wiadmniiusealuluiana 9z
Sentinsaluiulidui nsalutufiguatiliazaieir wmasumaiveansalduiufusiuoy

ATTUBUUAET LI UGYS



A15NA 1 AregransalusiudufT

dl ﬂIJ ¥ =l L] &
°U'EW]')1U Iﬂi\?ﬂiqﬂ“ﬂwtﬂﬂ VIUIUDEABDHUANTUDU
Caprylic aicd CH5(CH,)sCOOH 8
Capric aicd CH4(CH,)sCOOH 10
Lauric aicd CH5(CH,),,COOH 12
Myristic aicd CH5(CH,),,COOH 14
Palmitic aicd CH5(CH,);.COOH 16
Stearic aicd CHs(CH,);,COOH 18
Arachidic aicd CH3(CH2)18COOH 20
Behenic aicd CHa(CH,),,COOH 22
Lignoceric aicd CH5(CH,),,COOH 24
Ceotic aicd CHa(CH,),COOH 26
O/[HHHHHHHMHUHUHH
(T8 0 O A A R A N (N N N |
H=O~=CHE L —C—~L ==L ~=L—C~L=CL—1L~h
A T Y TN (N N N N I PR
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il a : . 120
2.3.2 MIdaATIZRE1IAABY Superhydrophobic Coatlong[a] 2ol

nsduesgansiedeou ansawisuldainufiseanisiidaii ( Dehydration ) v84

nsaletiunaraalilasiensanlas Suannleosulalasiauainmauilaslansanlonvssiudinu
¢ al v oa - ) P '3 a

leasulansenloafiurannsalesiuiaduin diuiiwvdsvasrslaslensenlanaandiausy
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nselugiu
H,0

A
T (0] 0 ‘ 0
HO —Cu— OE+ Ho)k/\/\/\/\/ — HxyCy >T< CriH
O

dle A fie H,0

3UM 11 MaifnUjjisen Dehydration vansnassniuneueslensanlas

" ¥ [91,119]
2.4 nalnn1siaaauiIeILUNv99ESIARaU

A
0 ‘ 0 T ©
1l Il
HyCyy >CU< Cufs + C=N-(Polyurethane) - N = C
O O

1} 1]
C - N - (Polyurethane) - N = C

0 | O
H,,C \ u/ CHy;
»3bn C

C = N - (Polyurethane) - N - C
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2.5 mnageudszansniwnadii
Hunisneaeutangasunusnnsgiu ASTM F726-99 Tagldmsnmaaeutladesineii

\Weadas aglimnsiainnnuanansalunisgaduiniu nsases Mmanedeugounstnduin

1Tyl

2.5.1 Antieny

® Adsorbed - Jagliazaneuriindeumereuvaiuuia sauvisgngulasvesudedied

ULAENTT 50% TUUanaInuIniune

® Reuse - MmidnnveunateenNTangadulnmalingaduntuliiu wienisdudaiug

milanansaldsgadulasnass

2.5.2 M1IAdaUN158ateaa ( Dynamic Degradation Test )
maneaauiifutuneuiiosnuuuniiediassnnunmuysinsininuesasinday
meldannznainlagldinies Shaker ionsaviniandiuiian Tesesliiiu 10% vos3ung

as

189 nedouNITULIkaZAIUI Water Pick-Up Ratio

q

2.5.3 mnagaun1iaadungiy ( Adsorption Test )

=l

n1anadevilazyiliteyaninuvgeanndululivazinaifimunzdmiunisdud

99

as I3

npUszasnraInIvadeuilAon1sivuaanuaunsatunsgaduimuivay mmageuazld

ﬂ1mwuwm%’uﬁﬁﬁuﬁ‘lné’tﬁam’%amﬂﬂdﬁa@jm%’u Tnenisnadaudzwisaanidu 2 11980

® Short Test - ldammaaau 15 w1

® |ong Test - [Wamaaau 24 $3Tua

¥
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® Compression Extraction

I [ as o s
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aw o a v
2.6 IUYNLNYAVD
8 o 4 a 1 1/ 5
Wanshun Deng WAz nsedeuRandieneunidig Superhydrophobic

LAMC adnuiuseansamnlunisueniiduasnaindy wag@nwaudfnisinninudazeinsiy

fes  ( Self-Cleaning ) 98901918 MIWAINIEIUNISAGDULET  WUIINITIATBUETT

2/ =i

Superhydrophobic LAMC dulidudeu asiafisianldguazmdeliie wazlunisvedeu
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3.1 YURDUNITANE

3.1.1 7905 UagAnwidayaiineites
3.1.2 sanuuugUnIal uaLIsNMIAaes
3.1.3 yimsvnaed

3.1.4 a3U WATI8Y UardnviINeUNaNIINAaed

3.2 gunsaluazarsadinldlunimaans

3.2.1 drswndifildlunismaaes
1) asUllosdawn
2) weulufivulensanlan
3) lunsulansenlen
4) NIN@BIN
5) nsalusafn
6) NIAUIAULUAN
7) thndu
8) tamuea

2

9) WnTuLuuTY ( Gasoline )

v '
o L 1A

10) Wduvaaau ( Lubricant )

11) maslswesu ( Chloroform )



3.2.2 gunsaluaziasasiionldlunisnaass

1)

2)

wasimodgin
Inines
WYSLAIAUAENT
\deadeans
Pntndy
N5I8NTDY
NILATENTBY
PINAAAIIUA U

Uugegayine

L)

10) 1584 Magnetic Stirrer

11) gay

12) |34 Shaker

13) \A30980 Hydraulic

3.3 YUABUNITNAADY

3.3.1 nM1sieszvvasiinaunisusuann

1) nUsuesgniuvesenimedsnisauiiten 2.2.3

3.3.2 N15LA38UE15 Cu(OH),

20

1) avargasUastams 50 nsu Tutndu 500 faddns wainiulidniusae

Magnetic Stirrer

2) asgeantauluiolansanlen Aududu 30 % d7uau 50 Jaddns asly

WAINITUNALFD

3) nleneulansonlas AUty 0.002 Tuaans asly udiniuse
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4) MiRNmENaU

5) N599REN0U wazaulmig

3.3.3 N13LM38UETT Superhydrophobic coating

1) avageansanaassn 0.2 n5u Tu Ethanol 50 Hadans
2) iumaUweslansenlen 0.6 nsu asly
3) Yaeglivilfizenluaes Sonicator 1uiaa 3 wiil

4) Uapgld 5 Halus ndsntdunsesansiinnazneusenuazeufigamall 50°C

Wutian 3 Tl

5) Weulunisusvanmwasiiaenisazateaisnilanuliveutineg98seqn
0.5 n5u Tu @vuea 50 Hadans

6) vdleslasurinnsalusudulysain vazurauiifnaiugisu

v v
& a

3.3.4 n'l'sﬂ%'uﬂ'gawuwwaqwaqﬁﬂﬁ'm Superhydrophobic coating
1) wismeninowihnsusulgslnenmsdedet uaziomuea 3 seu
2) aulviuisiigamail 60°C unan 3 4l
3) wirlaniluansazany Superhydrophobic FAMC fwideuliuda

4) aulviuiednassnigamall 50°C

Y

= % l:‘ 1 ot
3.3.5 N153AT129NEIUINRIUNNTUSUENIWLER

1) nagaumUIinnsgnuresasiignuiuaninuda
2) AFI9EBUAN YL NURITDINBIUIAI8LATE SEM

3) Ay
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3.3.6 nMsnadauUszAnIAINATsAadUNUnIeWBIUIIUTUAN LAY

1) wmaaum'1ummiﬂiumiami’uﬁﬂﬁwaawaqﬁﬂﬁé’alajshumiﬂ%’uamw ey
oniiusuanmud 1038 Short Test 91281 15 unil waz Long Test 1421 24
Falus udhnansmageuveslasihusassiauUIouiouiy

2) adeun1sindavatansiadeuuuiuiine il daeds Dynamic
degradation Test asewasluthlunivuy Taeldiedes Shaker fimud 150 deund
Juan 15 wi ‘wé‘qmnﬁ'u‘?ml‘%mmﬂuaaﬁ’aa'ﬁ'auaﬂufw lagazaasiialaiiin 10 %

3) nedounsldeuresiesi densinuiravessIuIuTeUNsId LT
Tu Tnmsugnthiueenaniesiidieians Compression Extraction tnglfia3assn
lelnsan fimudu 70 kPa wdrdwaniudevasvosisiuiinenosnuilédenisldeu

%1 1 59U
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4.1.2 Water Contact Angle

174 v 1
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4.2 Porosity
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4.3,1 Short Test
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4.3.2 Long Test
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4.4.1 Dynamic Degradation Test
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AM5799 2 Lubricant Adsorption Capacity - Short Test

Q) LAMC
pore volume 2 pore volume 1
g Sponge 0.0399 | 0.0412 0.0426 0.0134 0.0158 0.0176
g ab Test 0.6097 0.6397 0.6697 06557 0.7257 Q.135¢
g oil 0.5698 | 0.5985 0.6271 0.6423 0.7099 0.7181
Capacity g/g | 14.2807 | 14.5267 | 14.7207 | 47.9328 | 44.9304 | 40.8011
(V) MAMC
pore volume 2 pore volume 1
g Sponge 0.041 0.0416 0.0430 | 0.0193 | 0.0160 0.0152
g ab Test 0.6697 | 0.6737 0.6747 | 0.8567 | 0.7867 0.7767
g oil 0.6287 0.6321 0.6317 | 0.8374 0.7707 0.7615
Capacity ¢/¢ | 15.3342 | 15.1947 | 14.6907 | 43.3886 | 48.1688 | 50.0987
(/) PAMC
pore volume 2 pore volume 1
g Sponge | 0.0400 | 0.04170 | 0.0434 0.0183 0.0162 00157
g ab Test 0.6997 | 0.7037 0.7047 0.8867 0.8167 0.8067
g oil 0.6597 | 0.6620 0.6613 0.8684 0.8005 0.7910
Capacity g/g | 16.4925 | 15.8753 | 15.2373 | 47.4535| 49.4136 | 50.3822
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#19197 3 Gasoline Adsorption Capacity - Short Test

(n) LAMC
pore volume 2 pore volume 1
g Sponge 0.0399 0.0412 0.0426 0.0134 0.0158 0.0176
g ab Test 0.8697 0.9397 0.9497 0.6557 0.7257 07367
g oil 0.8298 0.8985 0.9071 0.6423 0.7099 0.7181
Capacity ¢/¢ | 20.7970 | 21.8083 | 21.2934 | 47.9328 | 44.9304 | 40.8011
(V) MAMC
pore volume 2 pore volume 1
g Sponge 0.0410 0.0416 0.0430 0.0193 0.0160 0.0152
g ab Test 0.8597 0.8637 0.8547 0.8567 0.7867 0.7767
g oil 0.8187 0.8221 0.8117 0.8374 0.7707 0.7615
Capacity ¢/g | 19.9683 | 19.7620 | 18.8767 | 43.3886 | 48.1688 | 50.0987
() PAMC
pore volume 2 pore volume 1
g Sponge 0.02942 | 0.02942 | 0.02942 | 0.01561 | 0.01561 | 0.01561
g ab Test 0.6884 0.6126 0.6705 0.8029 0.806 0.7255
g oil 0.65898 | 0.58318 | 0.64108 | 0.78729 | 0.79039 | 0.70989
Capacity g/g | 22.3991 | 19.8226 | 21.7906 | 50.4350 | 50.6336 | 45.4766




#9797 & Chloroform Adsorption Capacity - Short Test

40

(n) LAMC
pore volume 2 pore volume 1
g Sponge 0.0166 | 0.0140 0.0176 0.0440 | 0.0430 | 0.0410
g ab Test 0.4810 | 0.5297 0.5397 52945 | 33312 | 3.3308
g oil 0.46437 | 0.5157 0.5221 3.2505 | 3.2882 | 3.2898
Capacity g/¢ | 27.9741 | 36.8357 | 29.6648 | 73.8750 | 76.4698 | 80.2390
(W)  MAMC
pore volume 2 pore volume 1
g Sponge 0.0176 | 0.0164 0.0178 0.044 0.043 0.041
g ab Test 0.5597 | 0.5637 0.5647 3.2978 | 3.4367 3.3701
g oil 0.5421 0.5473 0.5469 22538 | 23957 5324
Capacity ¢/g | 30.8011 | 33.3720 | 30.724720 | 73.9501 | 78.9233 | 81.1976
(M PAMC
pore volume 2 pore volume 1
g Sponge 0.0166 0.0140 0.0176 0.0440 | 0.0430 0.0410
g ab Test 0.5697 0.5737 0.5747 32945 | 33312 3.3308
g oil 0.5531 D.5887 0.5571 3.2505 | 3.2882 3.2898
Capacity g/g | 33.3193 | 39.9786 | 31.6534 | 73.8750 | 76.4698 | 80.2390




#15799 5 Lubricant Adsorption Capacity - Long Test

(n) LAMC
pore volume 2 pore volume 1
g Sponge 0.043 0.039 0.0452 | 0.0139 | 0.0131 0.0142
g ab Test 0.8005 0.7585 0.7819 | 0.6968 | 0.6702 | 0.7187
g oil D.7575 0.7195 0.7367 | 0.6829 | 0.6571 0.7045
Capacity ¢/g | 17.6163 | 18.4487 | 16.2987 | 49.1295 | 50.1603 | 49.6127
) MAMC
pore volume 2 pore volume 1
g Sponge 0.0413 | 0.0444 | 0.0363 0.0140 0.0145 0.0190
g ab Test 0.7996 | 0.8232 | 0.6941 0.7885 0.8291 1.0210
g oil 0.7583 | 0.7788 | 0.6578 0.7745 0.8146 1.0020
Capacity g/g | 18.3608 | 17.5405 | 18.1212 | 55.3214 | 56.1793 | 52.7368
(7) PAMC
pore volume 2 pore volume 1
g Sponge 0.0413 | 0.0444 0.0363 0.014 0.0145 0.019
g ab Test 0.8906 | 0.9092 07351 0.8335 0.8741 1.066
g oil 0.8493 | 0.8648 0.6988 0.8195 0.8596 1.047
Capacity ¢/¢ | 20.5642 | 19.4775 | 19.2507 | 58.5357 | 59.2828 | 55.1053
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1) Pore Volume
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2) Adsorption Capacity
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Adsorption Capacity = T v
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3) Degradation Test
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