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TOM TAT

Truong Pai hoc Lam nghiép

Nhirng nim gan dy da c6 nhiéu nghién ctru tao ra bé mat sidu ky nudc cho vat liu, trong d6 co
0. Nghién ctru nay ap dung cong nghé nano dé tao ra 16p phu TiO, va ZnO siéu ky nudc trén g
Keo lai (Acacia mangium x auriculiformis). Két qua thi nghiém cho thdy, 16p phu TiO, dwoc cau
thanh boi cac phan tir c6 dang hinh ciu, kich thudc tir 150 nm dén 2 um, 16p pha ZnO dugc cau
thanh tir cac phén tir dang tam, chiéu day 20-30 nm, chiéu rong khoang 2 pm. Pho nhiéu xa tia X
(XRD) cho thay 16p phu TiO; co cdu tric tinh thé pha anatase va 16p phi ZnO c6 cdu trac tinh thé
pha wurtzite. Goc tiép xuc gilra giot nudc voi 16p phu TiO, khoang 152, 6°, véi 16p phit ZnO
khoang 151, 8°. Sau thoi gian tiép xuc 180 gidy, goc tiép xuc trén cac 16p phii c6 xu hudng giam
xuong, tuy nhién mure d6 giam khong dang ké. Qua quan sat cho thdy dic tinh siéu ky nuéce trén gd
Keo lai trong nghién ctru chii yéu do cdu tric thir bac cua 16p phu kich thude micro/nano cta TiO,

va ZnO tao ra.

Tir khoa: G6 Keo lai, bé mat siéu ky nuwroc, TiO,, ZnO

PAT VAN PE

Tur lau cac hién tugng tu nhién da tao ra nhiéu
y tuong cho cac nha khoa hoc va da phat trién
thanh nhiéu huéng nghién ctru quan trong.
Hién tuong 14 sen khong bi thim uot co thé
xem nhu mot vi du dién hinh da mé ra hudng
nghién ctru ché tao bé mat siéu ky nudec. Bé
mat siéu ky nude véi goc tiép xtic gitta giot
nudc 16n hon 150° va goc lan hodc trugt cua
giot nudc trén nd nhé hon 10° da tré thanh
mot linh vyc nghién ciru dugc quan tdm boi
rat nhiéu nha khoa hoc, va di dat dugc nhiéu
thanh tyu trong nhilng nim gn day. Hang
loat cac tinh chat dic biét va ung dung tiém
nang ctia cac vat lidu c6 bé mat siéu ky nude
nhu: tu lam sach, chéng bam béan, chéng an
mon,... da thu hat rat nhiéu sy chu y trong
thap ky qua [5] [8].

Nham muc dich cai thién va phuc vu cudc
song ciia con ngudi, cac nha khoa hoc ludn
tim kiém nhimmg giai phap toi vu dé tao mbi
lién hé giita bé mat siéu ky nude véi cude
song hang ngay cua ching ta. Nhiéu nghién
clru da chi ra [8], dé vat liéu co bé mit siéu ky
nuée can cé sy két hop cua do tho/nham/gd
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ghé cao va niang lugng tu do bé mat thap. Phu
mit bang vat liéu nano 13 mot phuong phap
gian tiép, co thé tao ra mot 16p méi, hoan toan
khac so voi bé mit ban dau co tinh cong nang,
bao vé vét liéu va dap tmg duoc yéu cau vé ciu
tric bé mit siéu ky nude. Hon nita, cac tinh chat
vat 1y va héa hoc ciia céc chét nén khong bi anh
hudng boi qua trinh phi. Nhiéu két qua nghién
ctru chi ra rang cong nghé phii nano siéu ky
nudce s& 1a sy lwa chon tot nhat [7].

Khong giéng nhu bé mat kim loai va mot sd
loai vat liéu polymer. Bé mat g mém, khong
déng déu, ton tai nhiéu 18 va cac ranh nho do
dic tinh tu nhién ctia gd hodc do cong cu gia
cong tao ra trong qua trinh san xuat. Hau hét
cac mit cét tiép tuyén va xuyén tdm cua gd
déu ton tai mot phﬁn rudt té bao gd va mit cét
theo chiéu doc ctia vach té bao. Tuy vao vi tri
gia cong, bé mit phia trong cua rudt té bao gd
thuong khong doi va chiém ty trong 16n trén
mit cit xuyén tim va mit cét tiép tuyén cua
gb. Trong khi vach cua cac t& bao lién ké
duoc cét theo chiéu doc t& bao lam cho cac
mit cat nay tiép xtc véi khong khi. Vi vy &
cAp d6 hién vi, b& mat gd c6 céu tric thir bac
do mit trong rudt té bao va mat cit doc cua
vach té bao ddong thoi tao nén, trong d6 phan
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mit cat doc cuia vach té bao gd 1a cac dinh tao
ra b& mit c6 cau tric nay (hinh 1).

V& céu triic hoa hoc, g0 1a loai vat liéu dugc
t6 thanh tir cac hop chét hitu co ty nhién gdm
xenlulo, hemixenlulo, lignin va mdt $6 hop
chat hitu co c¢6 phén tir lugng thip hodc mot
lwong nho hop chit vo co [1]. Trong céu tric
phan tir cia cac hop chit hiru co niy chira
mot lugng 16n cac nhom wa nude nhu nhom
hydroxyl (-OH) nén g ciing la loai vat liéu
wa nudc. Chinh vi vdy, cho dii bé mit g co
mot dic tinh ciia bé miat ky nude/siéu ky nudc
do céu trac thir bic tao ra, tuy nhién, kich
thudc d6 chua du nho, hon nira ban than cac
thanh phﬁn ho4 hoc ciu tao nén gd 1a vat liéu
wa nudce (tinh hit nude/am manh), nén bé mat
6 14 bé mat ua nudc.

Nham tao ra dic tinh siéu ky nudc cho bé mat
g0, trong nghién ctru ndy da ap dung phuong
phap phi vat liéu nano 1én gd véi muc dich:
(1) Tiang thém d6 g6 ghé & mic do
micro/nano trén bé mit gb bang 16p TiO, va
Zn0O; (2) Giam strc cang bé mat cta vat liéu
phu bang axit stearic.

PHUONG PHAP NGHIEN CUU

Vit liéu nghién ciru

- Mau gb: Kich thuéc 10 x 20 x 50 mm
(Xuyén tam x Tiép tuyén x Doc thé) 1am tir gb
Keo lai (Acacia mangium x auriculiformis) 5-
6 tudi, 46 am khi xtr 1y 12-15%, s6 lwong 10
mau/ché do xir Iy.

- Ho4 chat: Titanium (IV) Butoxide (TBOT),
Ti(OCH,CH,CH,CHa)y; Zinc Acetate
Dihydrate - Zn(O,CCHjs), . 2H,0 (Zn(Ac),);

MS-NKL x500 SE(M R "

Triethylamine (TEA); Axit stearic (CHs-
(CH,)16-COOH); Cén tuyét déi (C,HsOH)
Phwrong phap phii TiO; 1én gb

- Pha dung dich phu

Dung dich phu 1a dung dich thu dugc bang
cach hoa tan 5 mL TBOT vao 50 mL con
tuyét dbi, sau d6 phan tng trong thoi gian 30
phut dé duoc dung dich trong subt. Dung dich
khong bi lang sau thoi gian luu trir khoang 5h
moéi dua vao giai doan xir 1y go.

- Xir Iy mdu bing dung dich phii

+ Phuong phap: Ap dung phuwong phap xir 1y
thuy nhiét trong binh kin (Autoclave).
Autoclave dugc dat trong ti sz?iy vO1 nhiét 3o
90°C, trong thoi gian 4 gio.

+ Sdy miu sau khi xur Iy thuy nhiét: Nhiét do
sy tbi da 103+2°C, trong thoi gian 6 gio.
Phwong phap phii ZnO 1én gb

- Pha dung dich phu

Pha dung dich ding mol gdm Zn(Ac), voi
TEA (s6 mol cua ZnAc va TEA bang nhau)
dé dat duoc dung dich chtta ZnO c6 néng do
1,5%, cu thé nhu sau:

+ Budc 1: Cho 12,2 g Zn(Ac), vao 200 mL
cdn tuyét dbi, khudy trong 30 phat bing may
khuay tir gia nhiét.

+ Budc 2: Cho 5,625 g TEA vao dung dich ¢
budce 1 dé duge dung dich déng mol.

+ Bude 3: Tiép tuc khudy thém 30 phut, nhiét
d6 phan tng 60°C dé dugc dung dich dong
nhit c6 mau vang nhat.

(b) Mat cit doc
vich 1€ bao

(c)

Bé mal
rudl té bao

Mt cit doc
vich té bao

Bé mat
rudt e bic

Hinh 1. (a) Bé mat 26 Keo lai (Acacia auriculiformis x mangium); (b) Métphdn bé mat g6 (c) M6 phong
cau truc cua bé mat go [3]
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- Xi¢ Iy mdu bang dung dich phii

Ap dung phuong phap nhing - sdy nhiéu lan.
Mau go dugc nhﬁqg trong dupg dich phu sau
d6 dua vao ti sdy. Cu thé cic budc thi
nghiém nhu sau:

+ Budce 1: Nhiing mau g vao dung dich chta
ZnO trong thoi gian 2 gio.

+ Budc 2: Sdy mau da nhing & nhiét d6 60°C
trong thoi gian 3 gio.

Thyc hién lai bude 1 va bude 2 ba lan de
duoc 16p phu dong déu trén beé mat go.

Xir Iy giam ning lwong bé méit 16p phi
+7Buc'rc 1: Hoa tan axit §tean'c vao con ‘Fuyét déi
dé duogc dung dich c6 nong do 1,5% khoi lugng.
+ Budc 2: Ngén} cac mau di phu TiO,, ZnO
va mau go Bo deé khong xir Iy vao trong dung
dich axit stearic trong thoi gian 2 gio.

+ Budc 3: Sdy mau da nhung o nhiét do 60°C
trong thoi gian 3-5 gio.

Phwong phap danh gia tinh siéu ky nwéc
Trong nghién ctru nay, dic tinh siéu ky nudc
cua go Keo lai sau khi phﬁ duoc danh gia
thong qua yiéc do gobc tiép xuc tinh cua giot
nudc voi bé mat 16p phu.

- Méu va bé mat do:

Goc tiép xtic (WCA) giita giQt’ nudc ’Vé‘l bé
mat go duqc‘do trén mat cat tiép tuyén cua
cac mau go gom:

+ Mau khong phit (Kg.)

+ Mau gd khong phi TiO, va ZnO nhung c6
ngam axit stearic (Ksra)

+ Mau phu TiO, khdng ngam axit stearic (Kr;)
+ Mau phu ZnO khong ngam axit stearic (Kz,)
+ Mau phii TiO, c6 ngam axit stearic (Kris)

+ Mau phii ZnO c6 ngam axit stearic (Kzps).

- Phwong phdp do:

+ Dung cu: gdm xi lanh mini ¢ thé tao ra
giot nudc Vé’i‘thé t1:ch 5ul, kinh hién vi két ndi
may tinh, phan mém Imagel véi plugin Low
bond axisymmetric drop shape analysis (LB-
ADSA).

+ Céc budc tién hanh:

Budc 1: Chup anh giot nudc trén bé mit mau
sau khi tiép xuc véi bé mat gd 0-180 gidy, do
phong dai giot nuéc khoang 40-60 lan.

Budc 2: Sir dung phan mém ImageJ dé do goc
tiép xUc giot nudc trén anh chup duogc.

- 86 mdu do, s6 lan do: Mbi ché do xir 1y tién
hanh do trén 3 mau, moi mau do trén 3 vj tri
dé lay gié tri trung binh ctia goc tiép xic.
Phwong phap phén tich ciu tric 16p phi
CAu trtc 16p phu TiO, va ZnO dugc phan tich
bang kinh hién vi dién tir quét FE-SEM, S-
4800, dang tinh thé cua 16p phu duogc phan
tich bang phd nhifu xa tia X do bang may
SIEMENS D5005 X-ray diffractometer.

KET QUA VA THAO LUAN

Céu tric bé mit 16p phi

Pé tao ra 16p phii co dic tinh siéu ky nudc,
nghién ciru nay da tién hanh phu 1én gb Keo
lai mot 16p phu tir hai loai hop chat nham tao
ra cac 16p phu chira TiO, hodc ZnO. Hinh anh
chup tir kinh hién vi dién tir quét (SEM) trén
hinh 2 thé hién céu trac bé mat g6 Keo lai
khong phu (a, b), miu gb Keo lai phu bang
TiO, (c) va ZnO (d). Quan st trén hinh cho
thdy, voi mau gd Keo lai khong phu, trén bé
mat gd chi ton tai cac rinh nho do vach té bao
va rudt té bao g (soi gb, mach gd) tao nén.
Véi mau g6 dugc phu bang mang TiO, (hinh
2¢) hodc ZnO (hinh 2d) trén bé mat xuit hién
mang mong dwoc ciu tric tir hai loai phan tur
c6 hinh dang khac nhau. V&i mang phu TiO,,
mang dugc cdu thanh tir cic phan tir hinh cau
nho, kich thudc tir 150 nm dén 2 um. Véi
mang pht ZnO, mang dugc ciu thanh tir cac
phan tir dang manh/miéng nho, chiéu day
khoang 20-30 nm, chidu rong khoang 2 pm.
Ttir hinh anh SEM c¢6 thé thiy mang phu TiO,
va ZnO trén gd Keo lai 1a mang phii lién tuc
tir hop chét vo co két hop véi cdu tric gd ghé
vén co cua gd tao ra cdu trac thor bac
(hierarchical structure) ¢ cp do micro/nano

[71, [2]
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5.7mm x500 SE(M 100un

IMS-NKL x500 SE(M) N v SE(N
Hinh 2. Céu triic hién vi bé mdt gé Keo lai (a), g6 Keo lai ngam axit stearic(b), gé Keo lai phii TiO; (C),
g0 Keo lai phi ZnO (d)

Céu tric tinh thé 16p phi

Hinh 3 thé hién gian d6 nhidu xa tia X (XRD) ctia miu gd Keo lai phu va khong phii mat. Hinh
3a 1a gian dd6 XRD cua mau gd Keo lai khéng phu va pha mang TiO,, hinh 3b 14 gian d6 XRD
ctia mau gb Keo lai khong phu va phii mang ZnO.
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Hinh 3. Gidn d6 nhiéu xa tia X ciia mdau gé Keo lai khéng phit va phii bang (a) TiO,, (b) ZnO
Qua gian do cho thay, dbi véi mau gd Keo lai thé anatase [9]. Twong tu véi mau gd Keo lai
khong phu trén phd chi xuit hién hai dinh hip pht ZnO, trén phd xuit hién cac dinh hap thu
thy (peak) co ban thé hién cdu tric tinh thé ~ méi. Cac dinh hip thu nay 1 cic dic trung
cta xenlulo trong gb. Pbi v6i mau Keo lai thé hién cau triic cia tinh thé ZnO ¢ dang
phii TiO,, trén phd xuét hién thém cac dinh Waurtzite [4]. Tir két qua phén tich XRD c6 thé
hép thu thé hién dic trung cua TiO, vé6i tinh két luan, trong mang phi cta cac mau gb Keo
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lai bang hai loai hop chat trén, Ti(OH), da
chuyén sang cau triic tinh thé TiO, va Zn(OH),
da chuyén sang cau triic tinh thé ZnO.

Dac tinh siéu ky nwéc ciia mit l6p phi
Trong nghién ctru nay, dac tinh siéu ky nudc
cia 16p phi TiO, va ZnO trén gb Keo lai
dugc danh gia thong qua goc tiép xtic cua giot
nude v6i bé mit mau. Bé mit co goc tiép xuc
nho hon 90° duoc goi la bé mit wa nude, bé
mit co goc tiép xac 16n hon 90° duge goi la
bé mit ky nudc, bé mit co goc tiép xuc 16n
hon 150° duoc goi 1a bé mit siéu ky nudc [6].
Két qua thi nghiém duoc thé hién trén hinh 2
(hinh &nh giot nudc) va hinh 4.

00 gidy W30gidy 060 gidy [E90 giay E180 gidy
160 -
140
120
100

Goc tiép xac (do)

[ = oo
< (=] (=] <
1 1 1 1

0 4

Kdc Ksta Kti Kzn Ktis Kzns

Hinh 4. Géc tg'ép xiic giot nude véi bé mdt g6 Keo
lai ¢ cdc ché do xu Iy khac nhau, thoi gian tiép
xuc tir 0-180 giay
Tir két qua do goc tiép xtic cho thdy, véi gb
Keo lai khong dugc phi mat va khong xir 1y
bang axit stearic goc tiép xuc & thoi diém bét
dau do dat khoang 64,5°, sau thoi gian tiép
xuc do lon cia goc gidm 1o rét, va dat do lon
nho hon 20° sau khi tiép xtic v6i bé mat 180
gidy. Hién tuong nay hoan toan binh thuong,
va pht hop véi dic tinh vén co cua gb - vat
lidu hitu co tw nhién wa nu6e. D6i véi miu gd
Keo lai khéng phu nhung dugc xir 1y bang
axit stearic, goc tiép xuc do dugc tai thoi
diém bt dau tiép xtc 1a 112,8°, sau 180 gidy
tiép xtic, goc tiép xuc giam xudng gan 90°. Co
thé thdy, axit stearic da co tic dung lam giam
nang luong tu do bé mat cua gS Keo lai,
chuyén bé mit gb keo lai tir wa nuéc sang bé

mit ky nudc. DSi voi bé mat gd Keo lai chi
pht TiO, hodc ZnO ma khong xir 1y bang axit
stearic thu duogc két qua tuong tu nhau, d6 lon
goc tiép xuc trén hai bé mit ndy co ban khac
biét khong 16n, sau 180 gidy tiép xtc van giir
dugc goc tiép xuc 16n hon 90° thé hién bé
mit ciia hai loai miu nay ciing 1a bé mat ky
nude. Voi miu gd Keo lai phu bang mang
TiO, va ZnO két hop véi xir 1y bang axit
stearic két qua c6 su khac biét rd rét. Giot
nude vé co ban khong thé dinh duoc trén bé
mat mau, g0c tiép xtic do duoc tai thoi diém
ban dau 1an luot 1én t6i 152,6° va 151,8° voi
cac mau gd Keo lai phu TiO, va ZnO, va
ngay cé sau khi tiép xtic 180 gidy thi goc tiép
xuc co ban van giam khong dang ké. Két qua
thi nghiém di thé hién mau gd phu mang
TiO, va ZnO c6 dic tinh cta bé mat siéu ky
nude véi goc tiép xuc 16n hon 150°.

Ngoai ra, két qua thi nghiém con thé hién, do
16n goc tiép xtic trén tat ca cac mau co ban
giam kha nhanh theo thoi gian, nhung véi hai
loai mau g& phu TiO, va ZnO két hop xu ly
bang axit stearic goc tiép xuc giam rat chim
va do 16n giam khong dang ké. Két qua nay
hoan toan c6 thé dugc giai thich bang ly
thuyét vé tinh thim u6t bé mat vat liéu nhu dé
cap 6 trén, do bé mat gd Keo lai sau khi phu
da co cAu tric thtr bac cép d0 micro/nano
duoc chirng minh béi anh chup hién vi dién tir
va cau tric tinh thé qua phén tich nhidu xa tia
X két hop v6i nang lwong bé mit thip do axit
stearic tao ra.

KET LUAN

Bing viéc 4p dung cong nghé nano nghién
cuiu da tao ra dugce 16p phu voi dic tinh siéu
ky nudc co ciu trac micro/nano cua TiO, va
ZnO trén g Keo lai.

(1) L6p pha TiO, dugc tao nén tir cac phan tir
¢6 dang hinh cau véi kich thuée tir nano mét
dén micro mét. Lép phu ZnO dugc tao nén tir
cic phan tir c6 dang tim véi chidu day
khoang 20-30 nano mét, chiéu rong khoang 2
micro mét. Lép phu trén gd Keo lai chta tinh
thé TiO, dang anatase va ZnO dang Wurtzite.
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(2) Méu gd phu bang 16p phu TiO, va ZnO ¢
dic tinh siéu ky nudc voi goc tiép xuc lan
luot khoang 152,6° va 151,8°.

(3) Két qua nghién ctru cho thay c6 thé ap
dung cong nghé nano dé tao ra vat liéu siéu
ky nuéc tir gdb Keo lai. Tuy nhién, trong
nghién ciru méi chi thé hién & mot ché do xir
ly. Pé c¢6 thé phat trién nghién ciu va tng
dung véi quy mé 16n can tién hanh thyuc hién
cac nghién ciru vé mbi quan hé gitra thong sd
cong nghé xur 1y dén tinh chit khac cua gb Keo
lai sau x1r ly nhu kha nang chéng chiu sinh vit,
kha ning khang tia UV, d6 bén 16p phu,...

Loi cAm on: “Nghién ciru nay duogc tai trg
boi Quy Phat trién khoa hoc va cong nghé
Quéc gia (NAFOSTED) trong dé tai mi s
103.99-2016.47”
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FABRICATION OF SUPERHYDROPHOBIC COATING ON WOOD
BY MICRO/NANO STRUCTURE MATERIALS

Vu Manh Tuong’, Nguyen Trong Kien

Trinh Hien Mai, Nguyen Van Dien, Pham Van Chuong

Vietnam National University of Forestry

Recent years there have been many studies that have fabricated superhydrophobic surfaces for

materials, including wood. This

research has

applied nanotechnology to fabricate

superhydrophobic coatings of TiO, and ZnO on Acacia hybrid (Acacia mangium x auriculiformis)
wood. Experimental results showed that TiO, coatings are composed of spherical-like particles
with diameters ranging from 150 nm to 2 um. The ZnO coating is composed of lamellar particles
with thicknesses approximately 2 um and with widths ranging from 20 to 30 nm. The XRD
patterns indicated the crystal of TiO, coating was anatase phase and the crystal of ZnO coating
was hexagonal wurtzite phase. The water contact angle of the TiO, coating was about 152.6 degree
and the water contact angle of the ZnO coating was about 151.8 degree. In addition, the water
contact angle on the coatings tends to decrease after 180 seconds exposure, however the reduction
is negligible. The superhydrophobicity of Acacia hybrid wood obtained in this research was
mainly due to the hierarchical structure of micro/nano coatings of TiO, and ZnO.
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