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The study proposes a method of water collection from the air inspired by
the water ‘trapping’ phenomenon of Stenocara beetles in the Sahara desert.
The unique combination of hydrophilic and hydrophobic regions facilitates
water collection. The square regions in superhydrophilic were generated
using a designed shadow mask incorporated with UVO (Ultra Violet —
Ozone). These superhydrophilic regions were surrounded by
superhydrophobic areas to enhance the water-driven ability. The survey
results demonstrated outstanding water collection efficiency on the
combined surface compared to the surfaces with uniform wettabilities. This
can be explained by the radical task differentiation of water collection and
transmission, which is explained by the energy required for the
heterogeneous nucleation from the gas phase at the interface between the
Aluminum surface and humid air. The results illustrate the potential of
controlling the wettability of the combined surface for application-oriented
water collection purposes in arid and difficult areas.
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Nghién ciru dé xuat phuong phap thu thap nudc trong khong khi lay y
tudng tir hién tuong “bay” nudc cua bo canh ciimg Stenocara trén sa mac
Sahara. Su két hop doc dao giita khu vire wa nude (hydrophilic) va khong
wa nudc (hydrophobic) tao diéu kién thuan loi cho qua trinh thu thap
nudc. Cac 6 hinh vudng ¢ trang thai hoan toan dinh w6t dugc tao ra trén
bé mit bang cach st dung mot 16p mat na kim loai da dwoc thiét ké tur
truoc, két hop véi UVO (Ultra Violet — Ozone). Nhing 6 hoan toan dinh
w6t nay dugc bao quanh béi cac khu vuc hoan toan khong dinh w6t dé
tang cuong kha ning dan truyén. Két qua khao st cho thay higu qua thu
nudc vuot troi trén bé mat két hop so vai cac bé mat co d6 am ddng déu
bao gom méu nguyén ban, hoan toan dinh wét, hoan toan khong dinh uét.
Diéu nay duoc giai thich 1a do sy phan hoa nhiém vu triét dé cua viéc thu
thap va dan truyén nuéc, von dugc giai thich bang ning lugng can thiét
cho sy tao mam khong ddng nhét tir pha khi sang pha 16ng tai mat tiép
xuc gita bé mat Nhom va khong khi am. Két qua cho thay tiém ning
trong viéc kiém soat do dinh w6t cua bé mat két hop cho cac muc dich thu
thap nudc dinh hudng tng dung cho cac khu vuc kho khan, kho han.
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1. Gigi thigu

O sa mac Sahara, swong 14 ngudn nudc thay thé kha di nhat cho su séng [1]. Loai bo canh cing
Stenocara sir dung co thé cta chinh minh véi mét cau tric lung ddc trung hoat dong nhu mot bo
phan ngung tu va diéu chuyén nudc cho nhu cau ciia né [2]. Trong nghién ciru dau tién vé hién
tuong ndy, nhom nghién ciru cua gido su Thomas Norgaard va cong su di diéu tra 4 loai bo canh
ctng ¢ hanh vi thu thap nudc va Stenocara Gracilipes cho thay hiéu niang thu thap nudc cao nhat
[1]. L4y y tuong tir qua trinh doc ddo nay, viéc thu thap swong da thu hut nhiéu Sy quan tAm ctia cac
nha nghién cuu nham muc dinh hudéng téi mot nguon nudc thay thé tiém nang [3]. Ngung tu nuéc
12 mot qua trinh tuan ty bao gém 3 budc; tao mam, ngung tu va két tu [4]. Trong ca ba budc nay,
nang lugng cia bé mat déu déng vai tro quan trong vi nd quyét dinh hinh thai ciia nudc trén bé mat,
d6 linh dong va qua trinh trao ddi nhiét cho cac vong ngung tu tiép ni [5], [6].

Trong khoang 10 nim tré lai ddy, dd c6 nhiéu cong trinh nghién ctu tap trung vao toi wu hoa
bé mat cho myc dich ngung tu véi nhiéu loai vat licu va ki thuat duoc khao sat [7] — [11]. Mot
trong sb nhitng hinh mau tiém nang duoc dé xuat 1a sy dan xen do dinh udt trén cing mot bé mat,
dinh huéng cho cac (ing dung rong rai cho cac thiét bi thu thap nudc [8], [9], [12], [13]. Diéu nay
dugc giai thich boi cau triic doc déo cua bé mat két hop, von bao gom cac khu vuc véi do tuong
phan vé niang luong bé mat/ do dinh wot. Nhd nang lugng can thiét nho cho qua trinh tao mam,
cac giot nude nho dé dang duogc tim thiy ¢ cac khu vuc c6 do dinh wét cao [14]. Chung nhanh
chong két hop véi cac giot nudce 14n can va nhanh chong dat toi thé tich toi han (1a thé tich giot
nude dat duoc ngay trude khi roi khoi bé mat khi trong luc I6n hon luc lién két giita cac phan tir
nude va bé mat). Pang chi y 1a diéu nay chi c6 thé co ¥ nghia néu nhu qua trinh di chuyén cua
cac giot nudc duge thuc ddy boi cac khu vie khong dinh wdt. B6 chinh 13 1i do ma mé hinh két
hop dugc quan tdm trong thoi gian gan day, dic biét ddi véi cac qua trinh xay ra trong mot
khoang thoi gian dai va pham vi nhiét d thang giang 16n [12], [14].

Trong nghién ctru nay, nhom nghién ctru tai Truong Pai hoc Su pham — Pai hoc Thai Nguyén
s& danh gia hiéu qua ngung tu nudc ciia mau co bé mat hdn hop véi do twong phan cao giira cac
khu vuc. Cac hoan toan dinh wét (superhydrophilic dots) sé c6 dang hinh vuong va duy tri kich
thudc ¢ 500 pm dé mé phong kich thude cua cac bump trén lung bo canh cing Stenocara, b tri
ddng déu trén bé mit nhom, trong khi cac khu vuc xung quanh dugc dam bao trang thai hoan
toan khong dinh w6t (superhydrophobic) dé thiic day qua trinh di chuyén cua cac giot nudc tdi
han. Cac két qua thu dugc ciing s& dugc so sanh v6i kha nang thu thap nudc trén cic bé mit co
d6 dinh udt ddng nhat bao gom: Hoan toan dinh uét, hoan toan khong dinh uét, va Nhom nguyén
ban dé ching minh lgi thé ciia bé mat két hop trong qua trinh thu thap nudc.

2. B6 tri thi nghiém

Hinh la mé ta quy trinh ché tao bé mit két hop gdm bdn budc. Dau tién, bé mit nhém nguyén
ban dugc mai ki béng giéy nham va 1am sach véi ethanol, acetone. Dé tao nén cac ciu trac nano,
bé mat mau sau khi mai dugc an mon bang acid Hydrochloric trong 30 phut. Sau khi an mon, bé
mat Mau trg thanh hoan toan dinh uét, dugc thé hién bang goc tiép xiic khoang 10° (Hinh 2c). Bé
ché tao bé mit hoan toan khong dinh uot, mau dn mon dwoc bao phi béi dung moi PFPE
(PerfluoroPolyEther) trong 1 gi¢ va sau do sdy kho thém 1 gio trong mdi truong. Sau khi phu hoa
chat, bé mat dat két qua siéu ky nudc véi goc tiép xic nudc rat cao (>150°). Hinh 2a 12 hinh anh
chup bang kinh hién vi dién tar quét (SEM — Scanning Electron Microscopy) bé mit mau sau khi
dugc an mon wdt bang acid, cho thiy cac ciu triic nano phan bd ngu nhién trén bé mat. Sau khi
dugc chue nang hoa bang hop chat PFPE, bé mat dat téi trang thai hoan toan khong dinh wot
(2b) trong khi néu khong duoc phu PFPE sé gitr nguyén trang thai hoan toan dinh wdt (2¢). Goc
tiép xtic duoc xac dinh bang thiét bi chup anh Contact Angle (Kyowa, Co., Ltd, Nhat Ban).

http://jst.tnu.edu.vn 74 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 73-78

.
ATV
Hoan toan dinh wét

Thung chia

- 162°

. 10°

Hinh 2. Anh cdu tric bé mdt Nhém sau khi an mon chup bang kinh hién vi dién tir quét (SEM) (a),
goc tiép xiic trén bé mdt hodan toan khong dinh wot (b) va hoan toan dinh wét (C)

Nhu da trinh bay ¢ trén, cac hinh thai bé mit khac nhau s& quyet dinh qua trinh ngung tu khac
nhau trén bé mat. Bé nghién ciru mdi twong quan giira cac phan dién tich c6 d¢ dinh u6t khac
nhau, ching t6i da sir dung mot 16p miat na kim loai dugc thiét ké sin (kich thugc 500 um) gan
trén bé mat hoan toan khong dinh wét va cho phoi sang véi UVO (UltraViolet — Ozone). Khu vuc
dugc mat na che phu s& gitr nguyén trang thai ki nudc, trong khi diém phoi sang s& thé hién trang
thai hoan toan dinh u6t véi goc tiép xuc dudi 10°. Mau dugc gin chat vao dé giir & phuong thing
dung, di dién véi mot camera téc do cao dé quan sat qua trinh hinh thanh nude trén bé mit. Qua
trinh thu thap nude duoc thuc hién trong budng méi trudng duy tri & diéu kién nhiét do 30°C va
do am 60% trong 24 gio va 1ap lai 5 lan dé thu dwoc gia tri trung binh. Két qua khao sat trén mau
hybrid (Ki hiéu M4) duoc so sanh véi cac bé mit dong nhat bao gdm nhém tim nguyén ban (mau
M1), mau hoan toan dinh w6t (mau M2), hoan toan khong dinh w6t (mau M3). Su khéc biét vé do
dinh w6t va hinh thai nudc trén bé mat (thé hién & goc tiép xtc 8) s& anh huong dén qua trinh
hinh thanh va dan truyén nudc.
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3. Két qua nghién ctru

Trai ngugc V6i hinh thai nuéc dang mang mong trén cac mau nguyén ban (M1) va hoan toan
dinh w6t (M2), su ngung tu dang giot thu dugc quan sat trén cac bé mat hoan toan khong dinh uét
(M3) va két hop (M4). Piéu nay duoc giai thich 1a do 16p phu hoa hoc két hop voi cac ciu trac
nano tao nén trang thai Cassie-Baxter tai mit phan cach giita cac giot nudc véi bé mat. Nguoc
lai, cac giot nude hinh thanh trén bé mat M2 c¢6 d6 dinh wét cao s& bi “giit lai” trong cac ciu tric
bé mit va nhanh chong tao nén mét 16p nudc bao phii bé mit, ngan cach sy truyén nhiét va qué
trinh tai tao mam, vi thé cho két qua hi¢u nang thu thap nudc thap hon nhiéu so véi cac bé mat
khac. Co mot su khac biét di duoc quan sat thiy trén bé mat M1 so véi M2 khi cac giot nudc
ngung tu trén cac viing khac nhau mot cach ty nhién va nhanh chéng két hop dé tao ra cac giot
nudc ¢o hinh dang bat ki. Tuy nhién, ching cling nhanh chéng két tu lai va tao thanh mot mang
nudc trén bé mat.
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Hinh 3. Hiéu nang thu thdp nudc trén cdc bé mdt cé hinh thdi khdc nhau

Nguoc lai, qua trinh thu thdp nudc cho thiy tinh vu viét trén mau M4 so véi cac mau don 1é
khi do duoc it nhat 20,7 (L/m*/ngay), cao hon 1,1 1an so vai bé mat M2 va 1,2 1an so véi bé mat
M3 (Hinh 3). Diu nay c6 thé duoc giai thich bang méi tuong quan giita thé tich cta cac giot
nude va khoang cach giita cac diém wa nude ciing nhu sy két hop hoan hao giita vai tro thu thap
nudc Véi vai trd van chuyén nudc cua ving hoan toan dinh wét.

Qué trinh ngung tu phu thugc vao ca qua trinh tao Mam va qua trinh két ty, vi vay mét thé tich
nude ngung tu trén mot khu vuc hoan toan dinh wét (hydrophilic dot) nén dugc xem xét trong
méi twong quan vai khoang cach véi cac khu vyc lan can. Trong nghién ciru nay, ching t6i md
phong khoang cach 500 ym gilra cac dots glong nhu khoang cach gitra cac bump trén lung bo
canh cting Stenocara. Két qua thé hién hiéu suat cao vuot troi va mo ta mdi tuong quan phu hop
trong qua trinh ngung tu.

Dé khao sat tuong quan giita thé tich t6i han cua ting giot nude don 1¢ v6i hiéu ning thu thap
tong quat, chung t6i sir dung md hinh tinh toan do Furmidge gi6i thiéu lan dau tién [15]. Thé tich
t6i han Vy, ¢6 thé duoce tinh toan nhu sau:

m(1—cos ;)% (2+cos 6,)
Vth - 2 s?n3 04 . W (1)
Trong cong thirc trén Vyp,, 8, W lan luot 13 thé tich t6i han, goc tiép xuc tién va duong kinh
cua mot giot. Bang 1 trinh bay két qua tinh toan thé tich t&i han dua trén goc tiép xuc tién. Thé
tich 16n nhat duoc tim thay trén mau két hop M4 trong khi gia tri thé tich nho nhat thugc vé mau
nguyén ban. Chung t6i khong thé do dwoc gia tri Vi, trén mau M2 dua trén mé hinh cua
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Furmidge do nuéc nhanh chong tao nén mang mong trén bé mat. Két qua cho thiy goc, tiép xuc
tlen 8 va kich thudce giot cang cao thi thé tich téi han dat dugc cang cao. Tuy nhién, can tim ra
mbi tuong quan gitra goc tlep xuc tién va kich thugc glot do céc hiéu g khac nhau. Bé mat wa
nude hon ¢6 thé dan dén thé tich toi han thap do gbc tiép xuc tién 8, nho. Nguoc lai, kich thudc
giot nudc qua nho tao ra hinh thai dang gan hinh cau cua giot nudc va ngan nhiét truyén qua mau.
Ngoai ra, goc tlep xuc tién 6, c6 thé tuong ddi gidng nhau ¢ cac mau nhung sy hinh thanh giot
nudc thi co thé khac va dugc giai thich thong qua goc tiép xtic lui. Goc tiép xtc Iui 6, cao hon
dan dén xu huéng lan rong cua giot nudc thap, do d6 ngan can sy truyen nhi¢t cho qua trinh tao
mam tiép dién. Nhin chung, sy két hop ti wu can dugc khao sat bang cach tim hiéu do tré goc
tiép xuc giita 6,, 6, khi no 1a két qua cua cac hiéu ung két hop tir hinh thai bé mat va do am.
Ngoai ra, cac kich thudc khac cia dots ciing can duoc khao sat thém nira trong twong quan cua
n6 véi do tré goc.

Bang 1. Théng tin va két qua khdo sdt trén cdc mau dwoc chire ndng héa

STT MAiu 0, 0, Vg (mm’)
M1  MaAu nguyén ban 82 115 67 3,55
M2 Hoan toan dinh u6t 10 - - -

M3 Hoan toan khong dinh uét 162 165 2 4,15
M4  Mau két hop 155 8 162 5,5

4. Két luan

Trong cong trinh nay, ching t6i trinh bay khao sat viéc thu thap nude trén bé mat két hop lay
cam hing tir cau triic canh cta bo canh ciing Stenocara. Mau duoc ché tao bang qua trinh két hop
giita an mon acid va son phii hop chét hoa hoc ki nudc c6 chon loc st dung 16p mat na duoc thiét
ké. Két qua cho thay loi thé déang ké ciia mau két hop trong twong quan véi cac bé mat co do dinh
wot dong déu khéc, chitng minh wu thé cua viéc phan héa nhiém vu giita cac dots hoan toan dinh
udt va khu vyc dan truyén hoan toan khong dinh wét. Sy khac biét vé do tré goc tiép xic quyét
dinh thé tich toi han cua tirng giot nuéc don 1é va phu thudc vao twong quan nang luong giira hai
trang thai tai mat phan cach. Cac nghién ctu tiép theo s& tap trung vao khao sat cac kich thudc
dots khac nhau ciling nhu cac hinh thai khac nhau cua cac dots.
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