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Research Title: Development of superhydrophobic filters

Researchers: Ms. Panpailin Seeharaj, Faculty of Science, Department of Chemistry, King
Mongkut's Institute of Technology Ladkrabang and Mrs. Pattareeya Damrongsak, Faculty

of Science, Department of Chemistry, King Mongkut's Institute of Technology Ladkrabang

Abstract

This research project investigated the development of superhydrophobic filters
for water/oil separation. The superhydrophobic filters were prepared by
hydrophobilizing silica (SiO,) particles with alkyl silane coupling agents, then the
modified SiO, was coated on cotton textiles using polymers as binders. The optimum
preparing condition was to coat the cotton textiles with thin film layer of 0.5 ml/g of
CTMS and OTS modified SIO, and 2:1 ¢/g of modified SIO, to polymers. The highest
water contact angles at 156+1° and 145+2° were obtained for the filters prepared
using PS and PMMA binders, respectively. Fourier transform infrared spectroscopy (FT-
IR) study showed silanizing between non-polar long chain alkyl silane with hydroxyl
group on SiO, surface. The surface morphology examined by scanning electron
microscopy (SEM) and scanning probe microscopy (SPM) showed that the filter surface
was covered with low surface energy hydrophobiclized SiO, and had high degree of
hierarchical micro-nano scale roughness and these were responsible for the
superhydrophobicity. The superhydrophobic filters exhibited high water/oil separation
efficiency and good reusability. They can be used for separating mixtures of water/oil
including hexane, chloroform, diesel, soybean oil and lard with the separation

efficiency in range of 100 to 80%.

Keywords: Superhydrophobicity, silica, filter media, water/oil separation
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1.4.6.3
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2.1 NYEUATNANNIT
2.1.1 Usngmisafiinasuuluta (Lotus effect)
Usngmsaithndsuulutudelafaening (Lotus effect) gnaunulng ns.daledy
un§nlanyi (Wilhelm Barthlott) uarany finuinfnvesluthiaud@ifimlunisdeatulruds
andsnuazvesainne 1 tultannsainiginuuivestutld (11] fuandugud 2.1 uas
devns@nwiluiifavesluthlasldndesganssrididnasounuudonsia (scanning-
electron microscope, SEM) 3anusaiiiuiaveslutiusznovludeuviadn o (micro-
papillar) Afinnuvgvsszsulalasuasiduduruann Tasuvadn waniuszneulugae

< a v ot [ =
lpssainuanisiuuuvandeassivuniuuns [12] auanslugin 2.2

sUT 2.2 fiudaesluthlaendosganssmislannsauluudadnsin (SEM) (a) nwidevenesi

-

[

=l

daunslugUuansuunn 20 lulasuns wazb) nwaneideenegeuinuds [12]
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5UN 2.3 Usingnisalnisyiniaantasenanuinnieauied Lngngntuiinaesuuiai1agian,

U

DUNIATDIFIENYTNUUNUR UM ARLUME [13-14]

2.1.2 sudfinnuldvoutihegneBeean (Superhydrophobic property)

ey duansuseneuilen Asudeannsnsuunaudinussutiiwazaudinu

o e =l
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armeuthvieauliveuthuesituintan auisaduunldonanpdudanon Kl audd
arlslveuriegeBeean (superhydrophobic property) fie auﬁﬁmaaﬁuﬁaﬁﬁé’wmﬂﬂ@m
ih Lifieuden uasiimssduiassrimemiuasiuinfanuinndt 150 sanduly audi
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s o
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a dAaw
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Y
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= - u t %4
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2.1.3 analen (Wetting) LasnsinAyudula (Contact angles measurement)
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al &V val & | & o v ") a & \ .
YDAV ENUUYDALTLA AN B LUzl A 199  UILSIdD4Lse AD LSUFDUUUY (cohesion
=& a i = 1 [ e - 1 a
force) Warus8nAn (adhesion force) In8LSITDULUUILLTURSINTALUTBITENI19E15VRN
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2.1.4 m3guasIziiaaaansasiianuiandsudaniwbivevinegnedeean

Tusdeilavinnnsusuugeautfvesdlvllandfienuldveuiiedadeein Tngyinas
wasuiuiarerIsayn1ATan Lagiin1suTulTaRuRvetaunIABaNIMEaTgAIY
Faandadalaiau (alkyl silane coupling agent) lnsansgauily fe eonnziandalainasls-
latau (octadecyltrichlorosilane, OTS) wazpaslslasiuialalau (chlorotrimethylsilane,

| = - Ve a - Sy oo
CTMS) funsyUIUNIsLEa-1aa FIn19iaenle@iniiioannilved fe a1H130AIUANTUIATDY

o a

suynipdaniludlvuraidniussaululasimsniounluiuesiaainnisauauaniizlunig
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2.1.4.1 n3zurumslwa-laa (Sol-gel process)
[ @ € e € 1 = o
nszuIuMslea-iea Wunssuiumsduaseiianifivsvlevivateegntanlilunis
nAnsfinuazuia laglanvedeBeianfideanisninuuiansge Wunszuaunaiiiewldly
msdannzianuunaunlumns lnevalunszuiunislea-wailunssuinisidsuaniuzaes

a1 nvesmaiiieninlea (sol) Fedrunnazedluguvesansuvivaseidvuineynin
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Usguay 0.1-1 lulasiuns tHuveandaniSeniiea (cel) [18] lngn1sdraisazaisienu
! o - aa s nlj nl 4 Ad =3 dy I ol
(precursors) e 9 uwhufizeniu ludusuduasuseneuiiinduazegludnvuzvedlaa
A L) I i 1 1 & = o v oa 1 a P o
wWinlwainig fudusrawnadrelddussifovasvilmiiaduaa Tunszviunisudaiionn
o P v o Vv v A = PR @
ansavanefiegluanneiidulvauazinaluidignasuiunaviliuiviemingaumyiiligainoy
Teindndnailuguuuunng q wu @ule (fiber) walsiaa (arogel) Flsiaa (xerogel) BynAKY

- a . . 4 9w ) |
(powder) uazn1sindeuilau (coating film) LWEﬂ‘ULﬂU’JGlQﬂUﬁ’M?UQWm%ﬂﬁNSH q sialy

da £ Y o A w0 o8 v W Y a o ¢
a’]iV]Lﬂﬂ‘UUVN"{l"\ﬂﬁﬂ']'l?dVlL'ﬂUquaLLagLﬂﬁ Lii@L"U"lqﬂi%UQUﬂqiﬂq‘LﬁLLﬂﬁﬂzlﬂﬂaﬂﬂm‘ﬂ

1 L2 i v 1 QI
Tugunuusig q dilananald wanslugui 2.5

Xerogel film Dense film
Teat I e ]
- Y
Xerogel Dense
cerantics
Evaporation Teat O
11)

Hydrolysis
Polymeriration

Aerogel

Uniform particles

e
e O

o

K 2
\
C
: )
C J
Sol-Gel Technologies

Furnace
‘:I Ceramic fibers
and
Their Products ‘:]

JUN 2.5 nssviunslea-eauasHaniominie [19]

=

Uifsenddglunszuaunislea-iaa 8 3 U§Asen ae Ujiseilelaslada (hydrolysis)

aaa ]

UfAsensmuiuunieii (water condensation) WazUiAze1nisarvniunisueanagad

(alcohol condensation) faaun 1R 2.1 2.2 uae 2.3 Amadu [20]

Hydrolysis M-OR+HO0—>  M-OH+ROH aunsi 2.1

Water condensation M-OH + HO-M—» M-O-M + H,O aum‘i‘ﬁ 2.2
Alcohol condensation  M-O-R + HO-M—> M-O-M + R-OH aumi‘ﬁi 23
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A I aa : P = . a a
e M uwnulave (metal) Wy F8nau (S wesiasidey (Zr) lmndeu (T) guluYY

(A) Aiyn (Sn) @38 (Ce) @ OR unumyueananda (alkoxyl group) wag OH unuwyle-

nsand (hydroxyl group)

2.1.4.2 gann (Silica)

gan1usedansulaeanlad (S0, 1luarsusenavvedanau (silicon, S uas

a = o a = 1alal & [ = o s a 1l 1 o =
2N (oxygen, O) Adnwuzilunan lufidnisilunandyn lulindu Liflsa luavaneimie

v e v a a & aa 2 o ow & a
ﬁﬁaqﬂlﬂtaﬂuaﬂ WUﬁJqﬂ’Lu@uLLab’ﬂu Lﬁuﬁqﬂ“ﬂuﬂqm,ﬂu@uﬁu 2 UULﬂa@ﬂT»aﬂT@ﬂ"ﬂ’lﬂ@@ﬂ‘ﬂwu

=l o = at

AHNNTIALEEIRILUULAASEERSEA (tetrahedral) wuulasanneng 3 ﬁﬁuwhié’au Taed

(=]
Db

aa v ;2 = o ﬂl
szsaﬂauL‘ﬂuasmammmaxaamauma 4 peRauveIRanTLau [21] ﬂ\‘JLLﬂﬂ\‘ﬂUEU'ﬂ 2.6

JUN 2.6 M3daF8nedan [22]

(4 |

2
a a = s s

dnumgNIUATNUAI109TEN WuAau¥syfuvesdunsisentesddniiuans
Tneluuuituiiwesdamazusenousemleaiusa (sitanol, Si-OH) UnAquageg1emu iy
Famyfloausavsvilituinuasianmiamuiunsnuasiimdedhrouiiseued egamgd
97U mjlvaueaannsavhuisefuansiailing 4 Safimshidnluidaulugamnssu
NINUANG 9 19U QAATVNTINGN RAIMNTINTIUUA QRAIMNTIULT DRAMNTINDINNS
gnaMnssLd gnaNMNTIUIATEdID1Y gRAmINTIUYTIEIN gRansIuLie uazannsatily
Uszgnaluidedanndonls Tnehlulfidusgaduansiaiidunse 1wy anslangniindrdndy

\Ae Ludu [23)
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) & a a vey wa ' ° oA
2.1.4.3 M3UTulgeiuRtaynagan liliaudRnauliveuinedsdeenn

ot J a A U . < a i Al o v o oa at
A15UUUTINURINS 08139 AIU (coupling agent) AB @1 SLANLAINYINTUUNNLALDUAS-
a/ a & s

aa a o ' = = = € e 3/ @ @ =l |
N8 (Lﬂﬂﬂ'\'ﬂ“ﬁaﬂﬂaﬁlﬁ) igﬁqqdjﬁﬂa‘hwﬁ UaluUNgy [24] V]ﬁJﬂ'ﬁﬁ'ﬁ'l\‘]WUﬁ%ﬁ‘U@\‘]')ﬁ@]‘ﬂLLfﬂﬂﬂq\T

&
= a

s HIJ s 1 at d
Ml gasmluvesansuiudssiuialunguaesansusyneulueu duwandlugud 2.7

R—(CH,), = Si =X,
=" & ]

Organofunctional group Hydrolyzable group

Linker Silicon

8
G

d o s ] 1 o
JUN 2.7 gasmaluvesansusulsauranguuesansusenauliau (coupling agent)

Tn R 1Wumyilerdunesarsdunid (organofunctional group) wagtiuansdunielal
gnlelaslad (nonhydrolyzable) was X 1unyiarursagnlelasladls (hydrolyzable)

=

:J - aaa = aa = QIJ | ) 1 A
narusatinujiserlelasladauasuifiseroondindulaine 1du woanand (alkoxy)

=] =l

a = ’ v

weafand (acyloxy) elatau (halogen) #3eieflu (amine) sy

Fan1sUivl pantinuliveuinegeBieInveouMABaNI M TUTUUTIURY T
\innuynainisagnlelaslagladigussarsgaivvitnivadumnyleaiuea (silanol,

. = 1 g a aa = & s = =l e & = o £t

Si-OH) MeguunuRIveseuMAdanIAnluiusy leasnuiiaies wasnyniUuansdunsdds
agdnuanstrmiaasilifiuiivesdimiautfinnuliveuuieg g gnslassaiiaves
ponAuAATalnsAaelsloiau (octadecyltrichlorosilane, CHs(CH,)SICls, OTS) uazaaplsing-

walatau (chlorotrimethylsilane, CsHyCLSI, CTMS) ﬁqLLﬂm’[ugUﬁ' 2.8 Uag 2.9 MuUsIRU

'gih‘r'i 2.8 Qmﬂmaa%aﬁ"ﬂﬂwmammLmﬂ%almiﬂaaiilsnLau (OTS) [25]

HsC. Cl
/Si\
HsC CHg

3'01‘7; 2.9 qmimaa%’wﬁﬂﬂ*uamaai'ﬂm'imﬁa"lﬂnLau (CTMS) [26]
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2144 UgﬂSEJ'lizW:’laﬁ'lﬁﬂﬂ'wﬂ‘uwuw’afdam
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ﬂgﬂ'iEJ’1'i3‘m’Nﬂ’l‘§ﬂﬂ’3UﬂUWMN’J‘UEN‘Uaﬂ’1ﬁ'13J'1'mLﬂﬂ‘uulﬂ 4 YUNDU AU VUADUN 1

\inuffselalaslada (hydrolysis) 189a138A7U (coupling agent) Ingtuilasiiuoanaseduay

oe

al

iHurdnsnst Sumeudl 2 RaUARSE1RowAIEdY (condensation) Yp3a15AMu lagduilay
a [ a 13 g & & ' (Y] a i [ 1 = aa
alunediuedaieau q Junoun 3 wiisdurlensendvesansgmuiunylensondvesdani
a w | w v < = v v A i
\aviusylalasiausiuiu uavduneun 4 Walianudauazyitliimgeeenluaraisgniu

ol & - aa 0‘: = aaa 1 s ol EJ
LﬂqﬁﬂUﬁUNQBHﬂﬂﬂ%ﬁﬂﬁ [27] ‘Uuﬁ!’aUﬂW'iLﬂﬂUﬂﬂ'iEl’]ﬁN 9 ﬂ\iLLﬁﬂ\‘l@GE‘UV} 2.10
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14

2.1.5 auvfvesdnde

Guleilhe (cotton) Fuiluledu (staple) fidauddurrluaudaniouna lofned
dautsenouduiwaglaa 87-00% wazansdu q fe losfuuazaudu waglaavesthelfu
Tuanalwg) Ussneumnglaaluanelgwsdiuesis 9,000 - 10,000 wihe laglassadimanil
vosdulefhonanslusudl 2.11 Euleihedimnutud fhefiunsyusiasiiduleinesnan
yilsilenuudfindy arwiudsi Jasuie wasnusonsdagneldaudsd

frivinanniduleihetuilegiofunaisyin wu il ddid wardnang Jausaseiln
flnuuandstuiidnuasmsindssivenduled Suduwauannsmdimmeiduled
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