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Abstract: In this paper, we report the synthesis of ZnO nanoproducts using an ultrasonic method.
The effect of temperature on the structure, size and properties of ZnO nanostructures was
investigated. The study shows that ZnO nanoproducts synthesized via the ultrasonic method
exhibit a hexagonal structure at all synthesis temperatures. However, temperature significantly
affects the size of the nanoproducts. The photocatalytic properties of the as-synthesized
nanoparticles were studied using methylene blue as a testing reagent. Applying ultrasound during
the photocatalytic reaction enhances the degradation efficiency of methylene blue by the prepared
ZnO nanoparticles.
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Anh huodng cla song siéu 4m 18n sy hinh thanh
va kha ndng quang xuc tac cua hat nano ZnO
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Tém tit: Trong bai bio nay, chung t6i cong bd cac két qua ché tao hat nano ZnO bing phuong
phap siéu am. Anh hudng ciia nhiét d6 phan tng 18n ciu tric, kich thude va tinh chat ctia san pham
nano da dugc nghién ctru. Cac két qua nghién ctru cho thiy trong vung nhiét d6 nghién ciru, tat ca
céc san pham thu duoc déu 1a ZnO c6 ciu tric luc gidc. Tuy nhién, nhiét d6 c6 anh huong 16n dén
kich thudc cua cac hat nano thu dwoc. Kha ning quang xuc tic cua cac vat liéu nano da ché tao
cling di duoc nghién ctru vé6i chat thir 13 Methylene Blue. Viée sir dung song siéu 4m trong
qué trinh xtr 1y quang xtc tic lam ting hiéu qua xir Iy Methylene Blue cua cac hat nano da ché

tao duogc.

Tir khoa: Hat nano ZnO; quang xuc tc, siéu am.

1. Mé dau

K&m oxit (ZnO) da danh dugc sy quan tam
ctia nhiéu nha nghién ctu trén thé gigi do co
kha niang ung dung cao va c6 thé ché tao dé
dang. Piac biét, khi vat lidu ZnO c6 céu tric
nano, nhiéu dic tinh nhu quang, dién va quang
xtuc tdc dugc ting cuong hon dang vat licu
khéi. Vi vdy, chung thuong duoc mg dung
trong pin mit troi, quang xdc tic va cam bién
hoa hoc [1-3]. Hién nay nhiéu phuong phéap ché
tao vat liéu nano ZnO duoc st dung nhu
phwong phéap thuy nhiét, tong hop pha dung
dich, phuong phap sol-gel, ling dong xung
laser, phin xa, phuong phap vi song [4-8],..
Trong nhirng ndm gan day, phuong phap siéu
4m noi 1én 12 mot phuong phap hiéu qua dé ché
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tao vat liéu voi nhidu wu diém [9-11]. Trong
phuong phap nay, song siéu 4m (tan s6 20kHz -
10MHz) dugc sir dung dé hd tro cho phéan Gng
héa hoc. Cac song si€u am c6 lam hinh thanh,
phat trién va sup d6 tirc thoi ctia cac bong bong
trong moi truong dung dich. Méi truong dic
biét v&i nhiét d6 cao hon 5000K va ap suat 16n
hon 1000 atm trong cac bong bong nay tao ra
céc didu kién dé thuc day cac phan ing hoa hoc
ma thuong khong thé xay ra & didu kién phong.
Chiéu xa siéu 4m co thé lam ting toc do va
giam thoi gian phan ung gip nhiéu 1an, do do6
n6 ¢6 nhiéu vu diém nhu: don gian, than thién
v6i méi truong, chi phi thip,... Phuong phap
nay da tré thanh moét linh vuc nghién ctru quan
trong trong nhimg nim gan day.

Trong nghién ctru nay, ching t6i ché tao
cac hat nano ZnO bang ‘phuong phap siéu am.
Céu tric cua cac san pham da duogc nghién ciru
bang mot sé phép do nhu nhidu xa tia X, tan xa
Raman. Hinh dang va kich thudc ciia san phdm
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dugc khao sat bang kinh hién vi dién tir quét va
phép do tan xa anh sang dong. Tinh chit quang
xuc tac va anh hudng cla song si€u am trong
qua trinh quang x1c tac cua cac vt liéu cling da
duoc nghién ctru.

2. Thuc nghiém

Céc tién chét ban dau duoc sir dung bao
gdm Zn(CH3COO); (99,5%) NaOH (99,9%) va
C:HsOH (99%) dugc mua tu hang Merck
(btre). Pau tién, dung dich tién chat duoc tao ra
bang cach hoa tan mudi Zn(CHsCOO); trong
isopropanol (CsH7OH) noéng do 0,01M béng
cich khudy tir. Dung dich NaOH c6 ndng do
0,025M duoc tao ra bang cach tuong ty. Nho
giot tir tr 50 ml dung dich NaOH vao 50 ml
dung dich mudi Zn(CHsCOO), trong khi lién
tuc khudy manh hdn hop. Trong qué trinh nho
giot, dung dich mudi Zn(CH3COO), dugc ngdm
trong nudc da dé giam sy két tu cua cac hat.
Dung dich hon hop sau d6 dugc dem di rung
situ &m trong 30 phat va khong gia nhiét
(Mau Z0) hodc gia nhiét tai cac nhiét d6 60 °C
(Mau Z1), 70 °C (Mau Z2), 80 °C (Mau Z3).

Cac hat ZnO duoc tao ra theo cac phuong
trinh phan ung sau:

Zn(CHsCOO0); + NaOH -
Zn(CHsCOO)(OH) + CH;COONa

Zn(CH;COO)OH + NaOH — ZnO +
CHsCOONa + H.O

Sau khi rung si€u am, dung dich thu duoc
c6 mau trang stra. San phim sau do dugc rua
nhidu 14n bang con (70%) va nudc cét bang
phuong phap quay li tdm dé loai bo cac tién
chat du. San pham sau khi rira duoc sdy trong o
nhiét d6 80 °C trong 1 gid. San pham cudi cing
thu duoc c6 dang bot mau trang.

Hoat tinh quang xuc tac cta hat nano ZnO
dugc danh gia qua chat thir Methylene Blue
(MB) duoi sy chiéu xa cua tia UV. 10 mg hat
nano ZnO dd ché tao duoc cho phan tan déu
vao 20 ml dung dich MB (5 mg/l). Trugc khi
chleu UV, hdn hop dugce khudy tur trong bong
t6i trong 30 phut dé dat duoc sy can bang hap
thy trén bé mit cua hat nano. Trong qua trinh
thuc hién quang xlc tac, song si€u am ciling
dugc ap dung dong thoi véi viée chiéu tia UV
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dé khao sat anh huong cta né dén kha ning
phan huy MB. Trong qua trinh do, 3 ml dung
dich mau dugc léiy ra dinh ky va dugc phan tich
bang may quang phd hap thu UV-Vis Shimadzu
(UV - 2450) dé nghién ctru qua trinh phan huy
MB boi vit liéu nano ZnO da ché tao. Cau triic
tinh thé ciia mau dwoc phan tich boi thiét bi do
nhiu xa tia X Panalitycal Empyrean va thiét bi
do Raman Horiba Jobin Yvon’s LabRAM HR
800 v&i bude song kich thich 1a 632,8 nm. Hinh
dang ctia san pham nano dugc nghién ciru bang
thiét bj do hién vi dién tar quét Phenom XL G2
cua hang Thermo Scientific. Kich thudc hat
dugc do bang thiét bi Zetasizer Nano ZS90 cua
héng Malvern.

3. Két qua va thao luin

Hinh 1 cho thdy gian d6 XRD cua hat nano
ZnO dugc ché tao bang phuong phap rung siéu
am voi cac nhiét do khac nhau.
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Hinh 1. Gian do nhiu xa tia X ctia cac mau ZnO
(20, 21, 22, Z3).

Gian d6 XRD (Hinh 1) ctia cac miu da ché
tao cho théy cac dinh nhidu xa dic trung cua
cAu tric tinh thé luc gidc ciia ZnO xut hién lan
luot & cac vi tri 31,6°; 34,3° 36,1°; 47,4°
56,5°; 62,6°; 67,8° trong ing v4i cdc mat mang
(100), (002), (101), (102), (110), (203), (112)
clia tinh thé ZnO. Mau khong gia nhiét cé su
xudt hién cta mot s6 dinh la, co thé 1a do cac
chat phan Gng trung gian chua dwgc chuyén
hoan toan thanh tinh thé ZnO. Trong khi cac
méiu ché tao khi co gia nhiét déu khong xuat
hién pha la, ching té6 mau thu duoc chi c¢6 pha
tinh thé ZnO. Do két tinh cua cac mau ché tao
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khi c6 gia nhiét cling cao hon so véi khi khong
gia nhiét.

Kich thu6c tinh thé tinh theo cong thuc
Debye - Sherrer va hang s6 mang clia cic mau
dugc trinh bay chi tiét trong Bang 1. Két qua
hing s6 mang niy hoan toan phu hop véi gia tri
héng ) mang cda vat liéu ZnO da duoc cong

bd. Nhan thay khi rung siéu am tai cac nhiét do
60 °C, 70 °C, 80 °C kich thudc tinh thé chénh
léch nhau khong nhiéu, nhung 16n hon kha
nhiéu so véi mau duge ché tao khi rung si€u am
khéng gia nhiét. Két qua nay cho thay gia nhiét
trong qué trinh ché tao giup cai thién d6 két tinh
ctia san phim ZnO thu duoc.

Bang 1. Hang s6 mang va kich thudc tinh thé trung binh ctia hat nano ZnO

Zn0 a (nm) ¢ (nm) d (nm)
Z0 0,3272 0,5238 13,7+1,9
Z1 0,3272 0,5235 216+17
Z2 0,3266 0,5336 219+17
Z3 0,3268 0,5232 222+16
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Hinh 2. Phd Raman ciia cac mau ZnO ( Z1, Z2, Z3).

Phd Raman cia cac mau ZnO di ché tao
duoc cho trong Hinh 2. Hai dinh dic trung cua
ZnO dugc quan sat rd rang & 99 cm™ (E'%) va
dinh khoang tir 437 cm™ dén 450 cm® (E2"o")
[4, 12-14]. Pay la cac mode trng véi dao dong
clia mang tinh thé ciia Zn va O trong mang luc
gidc wurtzite. Phd Raman ciing cho thdy cac
san pham thu dwoc 1a ZnO tinh khiét co6 do két
tinh t6t.

Hinh 3 1a phé hip thu cta cdc mau da ché
tao duge. Tat ca céac phé hép thu déu thé hién
bo hip thu manh ¢ ving anh sang UV & budc
song khoang 380 nm twong Ung voi chuyén
muc vung - vung trong vét liéu ZnO [12, 15].

D6 rong ving cidm Eq duoc xac dinh boi bo
hap thy theo cong thirc:

(ahv)?z = A(hv — EQ)

Bing cach ngoai suy phan tuyén tinh do thi
su phu thudc cua (ahv)? vao nang lugng hv cho
cit truc nang lugng ta co thé xac dinh dugc do
rong ving cam cia ZnO. Do rong ving cim
ctia cdc mau Z1, Z2 va Z3 1an lugt 12 ~3,40 eV;
3,38 eV va 3,34 eV (Hinh 4). Két qua nay phu
hop v6i d6 rong ving cidm chudn cua ZnO la
3,37 eV tai nhiét do phong 300K. Mau duoc
ché tao & nhiét dd 80 °C c6 dd rong vung cAm
hoi nho hon so v&i cac mau con lai.

Kich thudc hat ciia cac mau ZnO duoc xac
dinh thong qua phép do tan xa. Két qua cho
thay kich thudc trung binh ctia 3 mau da ché tao
lan luot 13 ~ 460+ 11, 550 + 3 va 342 + 7 nm
(Hinh 5). Hinh 6 1a anh SEM va phé EDS cua
mau Z3. Trén phd EDS ta chi quan sat duoc cac
dinh (g v&i nguyén t6 Zn va O. Nhu vay, pho
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EDS cho thiy mau hat nano ZnO thu duoc la 2 =
hoan toan tinh khiét. Anh SEM cho thay mau 10 ] '
nano ZnO Z3 c¢6 kich thudc hat nho va kha = n
dong déu do do, mau nay dugc ching toi tiép €
tuc nghién ciru tinh chat quang xuc tac. ﬁ ‘
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Hinh 3. Ph6 hap thu ctia mau ZnO. 0| B
Hoat tinh xtic tAc quang ctia mau duogc danh g?s'
gid qua chat thir 1la MB khi chi€u tia UV va chiéu a ]
tia UV két hop rung siéu am. Hinh 7 1a pho hap §15-
thu ctia MB khi dugc chiéu tia UV trong thoi gian 1or
90 phut. Ta c6 thé thay cuong do dinh hap thu cta 5
MB bi suy giam khong dang ké sau thoi gian o e W
chiéu UV. Khi dung dich MB duogc xtr ly véi ZnO Kich thutc hat (nm)
(Hinh 8) hodac ZnO k&t hop rung si€u am 12 =
(Hinh 9), cuong do hap thu ctia MB giam di 1 rét 23
APy . 10r JFL
sau khi xir 1y trong 90 phat. ]
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Hinh 4. Sy phy thugc cua (ahv)? vao hv cua cac mau Hinh 5. Kich thudc hat ciia cédc miu ZnO
hat nano ZnO ché tao khi c6 gia nhiét. (1, 22', 23).
»
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Hinh 6. Anh SEM (a) va phd EDS (b) cia mau ZnO (Z3).



6 N. V. Tuyen et al. / VNU Journal of Science: Natural Sciences and Technology, Vol..., No.... (20...) 1-9

10

Hé 56 hip thy
o o o
i (-3 [

S
()

500 550 600 650 700 750
Budc séng (nm)

Hinh 7. Phd hip thu cua dung dich chira MB thay d6i
theo thoi gian khi duge chicu tia UV sau thoi gian 90 phit.
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Hinh 8. Pho hap thu cia MB khi dugc xir 1y bang céc hat nano ZnO (MAu Z3)
khi dugc chicu tia UV khong rung siéu am.

Hé sé hap thy
o
=)

"550 600 650 700 750
Budre song (nm)

Hinh 9. Pho hép thu cia MB khi dugc xir 1y bang céc hat nano ZnO (Mau Z3)
khi dugc chiéu tia UV két hgp rung siéu am.

Khi cac hat nano ZnO dugc s dung trong trong qua trinh chiéu UV, hiéu qua phén huy
qua trinh chieu tia UV, kha nang quang xuc tac MB dat t6i 95,6% (Hinh 10). Két qua khao sat
cac hat nano ZnO giup phan hiay MB t6i 91% cho thay viéc st dung song si€u am trong qua

trong 90 phut (Hinh 10). Khi két hop siéu 4m trinh xir Iy mau 1am ting kha ning quang xuc
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tac cia ZnO. Hiéu qua cua viéc sir dung ZnO dé
phan hiy MB c6 thé duoc quan st tryc quan
nhu trén Hinh 11. Dung dich MB d4 mit mau
sau khi dugc xtr 1y boi hat nano ZnO Z3 sau 90

phit. Cac két qua nay cho thiy phuwong phap
rung siéu 4m rat c6 tiém ning trong viéc tao ra
vat li€u nano ZnO vdéi hoat tinh quang xtuc tac
t6t khi so sanh véi cac cong bd khac (Bang 2).

Béng 2. So sanh kha ning quang xuc tac véi mot so vat liéu da cong bo

Vit liéu Phuong phap ché tao Chat thtr Hiéu suit phan huy | Tai liéu tham khao
Hat nano ZnO Dong két tua Ce}flsti 21{1)1;3;11 95-97% [16]
Hat nano ZnO Khtr sinh hoc MB 94,07% [17]
Vathiou nano composite U nhiét MB 83.4 % [18]
Hat nano ZnO Rung siéu &m MB 95,6% Nghién ctru nay
1.2
10-
_ 0.8+ M i LV
5: 064
G 04-
0.2+ Za0 + chdu £V
0,04 L) = ehba UV + rrg b bow

0 20

40 60 B0 100

Thndni gian (phat)

Hinh 10. Sy phan huy MB béi hat nano ZnO (Mau Z3).

Hinh 11. (a) Dung dich chita MB trudce xur ly; :
(b) Dung dich chira MB sau khi dugc xtr Iy bang hat nano ZnO (Mau Z3).
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4. Két luan

Chung t6i di ché tao thanh cong cac hat
nano ZnO bang phuong phép siéu 4m - mot
phwong phép an toan, tiét kiém thoi gian va chi
phi thap. Két qua cho thiy gia nhiét trong qué
trinh rung si€u am giup tdng cudong kha nang
két tinh cta cac hat nano ZnO va cho san pham
don pha. Hat nano ZnO thu dwoc c¢6 cau tric
luc giac, voi kich thude hat tinh thé khoang
22 nm va kich thudc hat vao khoang ~400 nm.
Khé néng quang xuc tac cua cac hat nano ZnO
ché tao d3 dugc ching minh bﬁng hiéu suét kha
ning phan hiy MB dén 95,6%. Két qua nghién
ctru cling cho thiy rung siéu am co6 tic dung
nang cao hiéu suat phan huy MB.

Lo1i cam on

Nghién ctru nay duoc tai trg bdi Quy Phat
trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma sb 103.02-
2023.100.
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