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TOM TAT

Vat liéu siéu ky nuoc (SH) co nhiéu ung dung trong thuyc té nhur tw lam sach, giam stirc can,
phan tach hon hop dau-nwée. Tuy nhién, hién nay quy trinh ché tao vit liéu SH con kha phirc tap,
yéu cau mady moc hién dai, gia thanh cao dan t6i su han ché cua vat liéu SH khi duoc ung dung
trong thyee té. Do d6, viéc phat trién mét phwong phdp ché tao vit liéu SH méi, don gidn, than thién
VGi méi trwong, gid thanh thap la thuc sw can thiét. Trong nghién ciu nay ching téi da ché tao
thanh céng 16p phii siéu ky nwée dwa trén vt liéu polysiloxane va hat nano-silica véi géc tiép xiic
(CA) > 150° va goc trueot (SA) < 10°. PG bén ciia I6p phii dwoc danh gia thong qua thir nghzem boc
tach bang bing dinh, két qua cho thdy véi bé mdt vt liéu nén c6 dé nham cao nhw gidy nham thi
16p phit gitk dwoge gée CA > 150° sau 15 lan béc bang dinh. Bén canh dé, 16p phii siéu ky nwée ciing
dwoc danh gid vé kha nang lam gidm sikc can, phan tach hén hop dau-mede, két qua cho thdy 16p
phii dwoe ché tao trong nghién ciru nay dap iing dwoc yéu cau trong cdc iing dung thiee té.

T khéa: Lop phii siéu ky nweée; Phédn tach hon hop dau-miede; Gidm siec can; Tw lam sach;
Polysiloxan; Nano-silicas.

ABSTRACT

Superhydrophobic (SH) materials have attracted considerable attention due to their wide
range of practical applications, such as self-cleaning, drag reduction, and oil-water separation.
However, current fabrication processes for SH materials are often complex, requiring advanced
equipment and high costs, which significantly limit their large-scale applications. Therefore,
developing a novel, simple, environmentally friendly, and low-cost fabrication method is highly
desirable. In this study, we successfully fabricated a superhydrophobic coating based on polysiloxane
and nano-silica particles, achieving a water contact angle (CA) > 150° and a sliding angle (SA) <
10°. The durability of the coating was evaluated using the tape peeling test, and the results showed
that on rough substrates such as sandpaper, the coating maintained a CA > 150° after 15 peeling
cycles. In addition, the superhydrophobic coating was assessed for self-cleaning, drag reduction,
and oil-water separation properties. The obtained results demonstrate that the fabricated coating
meets the requirements for practical applications.

Keywords: Superhydrophobic coating; Oil-water separation; Drag reduction; Self-
cleaning; Nano-silica.
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1. PAT VAN PE

Vit li¢u siéu ky nudc (SH) 1a vat ligu
c6 dic tinh chéng thim nude véi goc tiép xuc
gifra giot nudc va bé mit vat ran 16n hon 150°,
va goc trugt ciia giot nudc khoi bé mat nho hon
10°. Béc tinh nay c6 dugc do 16p khong khi bi
giit lai giita bé mat siéu ky nudc va nude khi
chung tiép xtc voi nhau. Trong nhitng nim gan
day, vat liéu si€u ky nudc dugc phat trién theo
huéng tmg dung vao céc linh vyc trong thyc té
nhu: ty 1am sach, giam strc can, phan tach hon
hop dau-nuée [1-2]. Ngay nay, nhiéu phuong
phéap ché tao vat lieu SH d3 dugc phat trién.
Tuy nhién, quy trinh ché tao con kha phiic tap,
su dung hoa chit doc hai, yéu cAu may moc
hién dai, d6 bén cta bé mit SH con yéu [3].
Chinh nhirng diéu nay da 1am han ché kha ning
ung dung cua vat li¢u SH vao thuc té. Tir do,
viéc phat trién nhiing phuong phap méi véi
dung cu don gian, khong st dung hoa chit doc
hai, hiéu qua vé kinh té, d6 bén cao, dang la
hudng nghién ctru cua cac nha khoa hoc. Viéc
két hop vat liéu polymer voi nang lugng bé mat
thap va cac hat c6 kich thudc nano dé ché tao
vat liéu SH dang duoc su quan tdm cua cac nha
khoa hoc [4-5]. Vit li¢u Polymer dugc sir dung
nhu vat liéu két dinh trong khi d6 cac chat don
nano nhu hat silica, titan, carbon soot dong vai
trd quan trong trong viéc hinh thanh céu trac
cuia bé mit SH [6-9].

D3 c6 nhiéu phuong phép khac nhau dé
ché tao vat liéu SH tur polymer va hat nano duogc
cac nha khoa hoc cong bd nhu lithography,
thermal templating, plasma etching, coatings,
tuy nhién hau hét cac phuong phap nay con kha
phtre tap, khé ché tao vai dién tich 16n, bé mit
cong. Thém vao do, 16p phu bé mat véi tinh
chat siéu ky nudc con yéu, co thé dé dang bi
pha huy boi nhitng tac dong co hoc, hoa hoc.
Vi du, Yonghao Xiu et al.[10] ché tao thanh

cong bé mat SH bang nhya epoxy va hat nano
silica. Pau tién, nhua epoxy va hat silica dugc
sir dung dé tao thanh mot 16p composite phu
nén bé mit chat nén; sau do, bé mat composite
dugc xur Iy bang O, plasma dé tao d6 nham bé
mat; cudi cung, bé mat tiép tuc duoc xur ly béng
héa chit silan fluoroalkyl dé tao ra bé mat SH.
Phuong phap nay khong chi phuce tap, khong
than thién v6i moi truong ma con kho san xuat
v6i quy mo 16n. O Viét Nam, mot bao céo trong
nudce tiéu biéu vé vat lidu nay dugc cong bd boi
tac gia Tuong-Vi Manh et al. [11]. Nghién cuu
nay ap dung cong nghé nano dé tao ra 16p phu
TiO, va ZnO siéu ky nugc. Tuy nhién, do bén
cling nhu kha ning tng dung cua 16p phu cling
chua dugc danh gia.

Viéc phat trién mot phuwong phap ché
tao méi dé tao ra 16p phu SH don gian, than
thién v&i moi truong, gia thanh thap 1a thyc su
can thiét, tir d6 cho phép nang cao kha ning
ung dung vat licu SH vao thuc tién. Trong
nghién ctru nay, chiing t6i da ché tao thanh cong
16p phu siéu ky nudce thong qua phuong phép
phun dung dich gém acetone, silica, toluene va
polysiloxane 1én bé mit vat liéu nén. Lép phu
thé hién tinh ning siéu ky nudc véi goc tiép
xuc (CA) > 150° va goc trugt (SA) < 10°. Bo
bam dinh cta 16p phu dugc danh gia thong qua
phép thir boc tach bang bang dinh. Két qua cho
théy trén bé mat vat liéu nén c6 d6 nham cao
nhu gidy nham, 16p phii ¢6 d6 bam dinh tot hon
va duy tri dugc CA > 150° sau 15 chu ky béc.
Ngoai ra, 16p phu siéu ky nudc ciing thé hién
t6t cac tinh nang nhu giam strc can va phan tach
dau-nudc, qua d6 thé hién tiém niang ung dung
thuc té ctia phuong phap ché tao dugc dé xuit
trong nghién ctru nay.

2. NOI DUNG NGHIEN CUU

2.1. Vat liéu
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Vit liéu dung trong nghién cuu bao
gdm: Polysiloxane (Soft AB Glue 8808) duoc
cung cdp boi Cong ty Hoa chat Long Vi, Viét
Nam. Aceton (C,H,0, d9 tinh khiét > 99%) va
tqluene (C,H,, do tinh khiét > 99%) dugc cung
cap bdi Cong ty Viet My Chemistry, Viét Nam.
Hat nano-silica ky nuégc (SiO,, (}ién tich bé mat
riéng ~120 m?/g) dugc cung cap boi Cong ty
Hubei Huifu Nanomaterial, Trung Quédc.

2.2. Quy trinh ché tao 16p phu siéu ky nuéc

Quy trinh ché tao 16p phu siéu ky nudc
dugc thé hién nhu hinh 1. Trude tién, dung dich
gom Polysiloxane/Toluene dugc hoa tron theo
ty 18 vé khoi lugng 1a 1/4 va dugc khudy gia
nhiét bang may khudy tir tai 50°C trong thoi
gian 45 phut. Tiép theo, dung dich gém Silica/
Acetone dugc hoa tron theo ty 18 vé khdi luong
1a 1/15 va duoc khudy bang tay trong 5 phut
sao cho silica hoa tan hoan toan trong Aceton.
Sau do, hai dung dich nay duoc pha tron véi
nhau va thém chat dong rin cua Polysiloxane
vao voi ty 1 vé khoi luong 1a 1:10. Tiép theo
d6, hdn hop dung dich trén tiép tuc dugc khudy
déu bang may khudy tir & nhiét d6 50°C trong
thoi gian 5 phut. Dung dich thu dugc sau khi
khudy déu s& duoc phun lén bé mat vat lidu
Polyethylene (PE), gb, composite va gidy
nham c6 kich thudc 40 x 40 mm dudi ap suat
phun khoang 0.3 MPa trong thoi gian 20 giay,
khoang cach tir diu phun téi vat bé mat pha
khoang 25 cm.

Acetane Tuluupc "
®Silica_© Pul:,jsdoxane
gV,

vo 4% | Mt .“_L{:p phu siéu ky nuoe
vee’ ]

- [ ]

egL%e Vit ligu nén

Khudy tit

Hinh 1. Quy trinh ché tao 16p phii siéu ky nude

2.3. Phwong phap danh gia tinh siéu ky nuwéc

Ciu trac bé mat 16p phu dugc quan
sat bang Kinh hién vi kim twong K40M-F200
microscope. Thanh phan héa hoc cua 16p phu
duoc xac dinh bang phuong phap Phd hong
ngoai bién d6i Fourier (Bruker Tensor 27 FT-IR
Spectrometer). Goc CA cua bé mit phu duoc
xac dinh nhu sau: Nho giot nudce co6 kich thudc
khoang 10l 1én bé mat vat liéu nén. Sau do,
chup anh giot nudc sau khi tiép xac 6n dinh voi
bé mat. Str dung phan mém ImageJ dé do goc
tiép xuc giot nudc trén anh chup duge. Dbi voi
goc SA, st dung phan mém ImageJ dé phan
tich hinh anh tai thoi diém giot nude bat dau lan
khoi bé mit sau khi bi nghiéng. Gia tri ctia goc
CA va SA 14 gid tri trung binh cia 5 mau do.

2.4. Phwong phap danh gia dé bén

Do bén cua 16p phu duoc danh gia
thong qua thtr nghiém boc tach bang bang dinh
(Acrylic, 2.5 N/cm?). Bang dinh s€ dugc dinh
1én bé mat 16p phu sao cho dam bao tiép xuc
hoan toan véi bé mat, sau do bang dinh duogc
boc ra. Thao tac nay duoc ldp lai cho t6i khi két
thiic qua trinh kiém tra. Gia tri goc CA s& duoc
ghi lai trong qua trinh kiém tra.

2.5. Ung dung ciia 16p phi siéu ky nuée
2.5.1. Kha nang giam siwrc cdn

Kha nang giam surc can cua 16p phu siéu
ky nuédc dugc danh gia dya trén mo hinh truot

Navier:
ou g
ok (a_) T
Y/ y=0

Trong do:
- 7, (Pa) la Umg suat cat tai thanh Ong
(wall shear stress) - 1a luc can ma thanh ong tac
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dong 1én dong chat 1ong do d6 nhét;

- n (Pass) 1a d0 nhét dong luc hoc
(dynamic viscosity) cta chét long;

- u_(m/s) la van tde truot tai bé mat;

- A (m) 1a d6 dai trugt (slip length).

Theo mé hinh Navier, bé mat ¢6 luc can
thip cho phép ting luu lugng dong chay. Tir
d6, thi nghiém kiém tra kha ning giam strc can
duoc thuc hién nhu hinh 2: Trudc tién, mot chai
dung nudc dugc dit nghiéng mot goc 15° so
v6i mit phang ngang va mot kénh dan nudc
duogc dat nghiéng mdt goc 10°, chai nude s€
cap nudc chay qua kénh dan trong mot khoang
thoi gian ¢d dinh, nuéc s& duge thu lai tai
binh chtra. Tiép theo, phu 16p vét li¢u SH Ién
kénh dan nuéc. Luong nude thu lai dugc trong
truong hop kénh nudc dugce phu vat liéu SH va
kénh nudc khong dugc phu s€ duge danh gia.
Két qua thu duoc s& thé hién kha ning giam strc
can cua l6p phu SH.

ol i s Rldag, o il L SH

S TSR LI S ...l

Hinh 2. Dong chay qua kénh dan nwéc phii va
khong phu vat liéu siéu ky nudc

2.5.2. Khd ning phén tich hon hop dau-nwéc

Dé danh gia kha nang phéan tich hdn
hop dau-nude cua 16p phu SH, ludi nhom ky
nuée s& duge ché tao bang cach phu 16p vat
liéu SH 1én bé mit lu6i. Ludi nhom ky nude co
kha nang chin nudc trén bé mit ludi trong khi
van cho dau di qua. Trong nghién ctru nay, ludi
nhém ky nuéc dugc gip thanh dang “thuyén
vudng” (40 x 40 mm) va két hop voi mot khdi
foam c6 kha nang hép thu dau duoc dat bén

trong ludi, thiét ké nay cho phép hip thu dau
tran trén mat nudc mot cach hi¢u qua, tang hi¢u
suat tach dau-nudc.

Hi¢u suat tach dau-nudc dugce tinh bang
cong thirc sau:

E=V /V,x 100%

Trong d6: E 1a higu suat tich dau-nudc,
V, biéu thi thé tich diu ban dau va V, biéu thi
thé tich dau sau khi tach.
3. KET QUA VA THAO LUAN
3.1. Kha nang siéu ky nwéce cia lop phua

Lop phu trén vat liéu nén PE thé hién

tinh siéu ky nudc vai goc CA=167° va goc SA
= 4° nhu Hinh 3.

Vit liéu nén PF.

i |||I||| |IiI IIiI;II!II|IIiI|-I|i||I (i |'II|I' AT
100 ilo 2o alo 4o 50 slo 7o slo ol 200
{b)

CA= 167

— o S
Hinh 3. (a) Bé mat vit liéu PE trude va sau khi
phit [6p siéu ky nude; (b), (c) lan heot thé hién gid
tri cua goc CA va SA

bac tinh si€u ky nudc cua 16p phu dat
duoc do cau trac nham cua bé mat va nang
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lugong bé mit thép, duoc thé hién trong Hinh
4. Hinh 4a cho thay cac hat nano-silica lién két
chat ch€ véi vat liéu Polysiloxane hinh thanh
nén cac ciu trac co kich thudc micromet. Phd
FTIR cua PE va PE sau khi dugc phu lop vat
li¢u ky nudc duogc thé hién trong Hinh 4b. béi
vo1 PE, cac dinh hép thu dac trung duoc quan
sat tai 2915 cm™' va 2849 cm!, tuong ung voi
dao dong kéo gian bat ddi ximg va dbi xtmg
ctia lién két C-H; tai 1460 cm’ lva 720 cm, lan
luot lién quan dén dao dong ubn cua nhém CH,
va dao dong lic cia CH,. Trong khi do, phé cua
PE sau kh1 phu xuét h1en thém cac dinh mdi tai
1012 cm' va 1064 cm™!, dac trung cho dao dong
kéo gidn Si-O-Si, va tai 460 cm™' lién quan dén
dao dong udn Si-O [12-14]. Sy xuét hién cia
cac dinh nay ching t6 rang 16p polysiloxane/
nano-silica di dwgc phu thanh coéng trén bé
mat PE, gép phén hinh thanh bé mat ky nudec.
Ngoai ra, 16p vat liéu si€u ky nude cling dugc
pha thanh cong trén nhiéu loai vat liéu khac
nhau nhu gd, composites, gidy nham (Hinh 5).

(b)

1o

[

Iransmiitanee( %)

|
|
|J'(\""“'r" hwmﬁﬁ._ Cots

3 . (sweechne] —PE

— Lép phi trén bé mit PE

2000 2500 EITTY

Wi entmiber {emel)

Asdn ihlin

Hinh 4. (a) Céu triic bé mat cua vit liéu PE trudc
va sau khi phii I6p siéu ky nieée, (b) thanh phan
hoa hoc cua bé mat cua vat liéu PE trudc va sau

khi phu lop siéu ky nuoc.

Hinh 5. Phii I6p siéu ky nude trén nhiéu logi vit
liéu khac nhau

3.2. Pj bén ciia 16p phii

Do bén co hoc cua 16p phu siéu ky
nudc duge danh gia thong qua phép thi boc
tach bang bang dinh, két qua duogc trinh bay
trong Hinh 6. Hinh 6a cho thay gi tri goc CA
ctia 16p phu trén bé mat PE giam dan khi sb
lan boc bang dinh ting 1én. Sau 15 lan thir, CA
giam xudng con 87°. Bén canh d6, Hinh 6b so
sanh sy thay doi gia tri CA ciia 16p phu sau 15
lan boc bang dinh trén cac loai nén khac nhau.
Két qué chi ra rang trén bé mit c6 do nham cao
nhu giay nham, 16p phu duy tri CA> 150° ngay
ca sau kiém tra d6 bén, trong khi trén nén PE,
composite va gd, gia tri CA giam dang ké. Diéu
nay cho thay d6 nham bé mat déng vai tro quan
trong trong vi¢c gia tang do bam dinh va duy
tri tinh siéu ky nuéc cua 16p phu. Nhu vay, két
qué thir nghiém khang dinh rang 16p phu siéu
ky nudc ché tao trong nghién ctru khong chi dat
dugc dac tinh ky nudc cao ma con thé hién do
bén co hoc tét ddi voi vat lidu nén ¢6 d6 nham
bé mit 16n.

() A S ) S (b1

Ghe tify xhe (05

=] titfy i

Hinh 6. (a) Su thay déi gid tri géc CA ciia I6p phii
trén bé mat PE sau nhiéu lan béc bang dinh, (b) sie
thay doi gid tri géc CA cia I6p phii trén sau 15 lan
boc bang dinh trén nhitng logi vat liéu khac nhau.

3.3. Kha nang giam sirc can cia lop phua

Theo Hinh 2, sy khac biét vé dong chay
trong hai truong hop kénh dan nudc khong phu
va phu vat li¢u SH duoc thé hién 1o rang. Trén
kénh dan nuéc duge phu vat liéu SH, nudc
khong thim hay lan ra ma co lai thanh céc giot
tron. Piéu nay 1a do goc tiép xtic gitra giot nude
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va bé mat 16n hon 150°. Nghia 1a phan 16n thé
tich giot nudc khong dinh vao bé mat, ma gin
nhu “ngdi” trén nd. Khong chi co goc tiép xuc
16n, ma su chénh 1éch gitra goc tiép xuc tién va
lui (tre 1a khi giot nude bat dau chuyén dong
va dimg lai) cling rat nho. Piéu nay dong nghia
v6i viée giot nudc rat d& lan trén bé mat. Khi
tiép xtc v6i nude, bé mat SH giir lai cac tai khi
giifa cac cau tric micro-nano tao thanh mét 16p
dém khong khi. Nho do, nudc khong thue su
tiép xtic hoan toan vé&i vat liéu ran, ma chi ndm
trén 16p khong khi nay, hién tugng nay tuan
theo mo hinh Cassie-Baxter, diéu nay giup giot
nude dé 1in hon 1a chdy thanh dong.

Theo M6 hinh trugt Navier, 16p dém
khong khi s€ 1am tang gia tri d dai trugt (L),
tir d6 lam giam lyc ma sat (t, ) va luc dinh gitra
nudc va bé mat. Pidu nay ciing duoc chimg
minh thong qua lugng nudc thu dugce cua hai
trurong hop trong cung mot khoang thoi gian 50
gidy nhu hinh 7. Luong nudc thu dugc trong
truong hop kénh dan c6 16p phu vat liéu SH
16n hon dang ké so véi truong hop khong c6
16p phu, didu nay co duoc 1a do lyc can thap
cta 16p SH dan t6i dong chay nhanh hon va thu
duoc lugng nuodc nhiéu hon.

w
=

2
&

Khii hrgma mrée thu drge ()
e s
z =

g

Pl Lip 811 K ph Lo S

Hinh 7. Khéi lwong nwée thu diege trong trieong
hop co lop phi va khong co [op phu siéu ky nuoc.

3.4. Kha ning phén tich hdn hop diu-nuée

Hinh 8 thé hién rd rang cac dac tinh siéu

ky nudc va kha ning tich dau-nude cua ludi
nhom sau khi dugc phu 16p vat li€u ky nude.
Cu thé, ¢ Hinh 8a, luéi nhém phu 16p ky nudce
van noi trén bé mit nude ngay ca khi chiu tac
dong cua vat nang, cho théy bé mat da dat duge
tinh ky nudc vuot troi. Hinh 8b chirng minh tinh
chon loc pha cta luéi: dau dé dang thim qua
trong khi nude hoan toan bi ngan lai. Ludi siéu
ky nudc phu Polysiloxane/silica hoat dong dua
trén sy két hop gitta cau tric nano cua silica va
16p pht ndng luong bé mat thap tir Polysiloxane.
Lép pht tao ra mang Si-O-Si nhdm vi mo va céac
nhom ky,nuc'yc -CH,, -CH, giﬁP bé mét o nang
luong thap. Khi tiép xuc véi hon hop dau-nude,
nudce bi day 1ui do hiéu tmg Cassie-Baxter, trong
khi ddu véi strc cang bé mit thap dé dang thdm
qua lu6i nho tinh va dau va co ché Wenzel. Nho
d0, ludi thé hién kha ning siéu ky nudc, siéu ua
dau, cho phép tach dau hiéu qua va 6n dinh [15,
16]. Hinh 8¢ md ta tng dung thuc tién, khi ludi
nhom ky nudc két hop v6i foam loai bo hiéu qua
lop dau an ndi trén mat nude, két qua thu dugc
cho théy hiéu suét tach dau-nudc dat 85%. Didu
nady mo ra tiém ning tmg dung rong rii trong
viée tach dau khoi méi truong nude cua 16p phi
siéu ky nudc.

P " ‘/
Ludi nhom
ky nuée

© i) (i) (i)
+ NTU NTU WL
ALY

wnid ) { hemd ) Rmd ) (A

Foam

Hinh 8. (a) LuGi nhém néi trén mdt mede sau khi

dwoc phu lop ky nuoc, (b) Ludi nhom phu lop ky

nuée cho dau di qua va chan khéng cho nuée di

qua, (c) Qud trinh loc dau thice vét néi trén mdt
nuoc

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 335, thang 11 nim 2025
cokhivietnam.vn

140



NGHIEN CU’U - TRAO BOI

4. KET LUAN

Trong nghién curu nay, 16p phu siéu ky
nudc dua trén polysiloxane va hat nano-silica
da dugc ché tao thanh cong bang phuong phap
don gian va khong doi hoi trang thiét bi phirc
tap. Bo bén co hoc cua 16p pht dugc danh gia
trén nhiéu loai bé mat nén khéac nhau, két qua
cho théy do bén phu thudc dang ké vao do nham
bé mit. Cu thé, trén gidy nham, 16p phu duy tri
duoc goc tiép xtc nude 16n hon 150° ngay ca
sau 15 1an thir boc tach bang bang dinh. Ngoai
ra, 10p phit siéu ky nudc trén kénh dan nuée thé
hién kha ndng giam stc can, voi lugng nude
thu dugc dat 259,25 g so véi 247,14 g 6 kénh
khong phu. Trén ludi nhom, 16p phu cling cho
thdy hiéu qua cao trong tach dau-nudc, dat hidu
suat khoang 85%. Nhiing két qua nay khang
dinh tiém ning cua phuong phéap ché tao dugc
dé xuat, dong thoi mé ra trién vong tng dung
16p phu siéu ky nudc trong thyc tién, dic biét
1a trong kiém soat va xur 1y sy ¢6 tran dau trén
mat nudc.

*Ghi nhén hd tro:

Nghién ctru nay duoc tai trg boi Truong
bai hoc Nha Trang theo ma sb dé tai TR2023-
13-37. %

Ngay nhan bai: 16/9/2025
Ngay phan bi¢n: 01/10/2025
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