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NGHIEN CUU CHE TAO VAT LIEU NANO ZnO BANG
PHUONG PHAP SOL-GEN KET HOP QUAY PHU PA LOP
VA U NHIET
Nguyén Hiru Cwong® ““, Pham Vi Léc’,

Nguyén Buc Diing’, Ta Quéc Tuan’

Tém tat: Vat liéu nano da tinh thé ZnO duoc ché tao béng phuwong phép sol-gen két
hop quay phii da I6p va u nhiét G nhiét. Vét liéu duoc ché tao la don pha tinh thé cé
cu truc luc gidc wurtzite, ddng nhét véi cac hat don tinh thé dang céu kich thwéc
20 — 30 nm. Trong nghién ctru ndy, chung t6i da thtr nghiém ché tao cac méu ZnO
trong céc diéu kién khac nhau (méi trirong, nhiét dé d, sé I6p, thoi gian 4), khdo sét
hinh théai hat va céu trac tinh thé théng qua XRD, SEM, tinh chét quang duoc khéo
sé&t théng qua phé huynh quang. Két quéa diéu kién ché tao tbi vu dugc dé xuét la u
trong khi Argon & 350°C trong 12h. Cac méu duoc ché tao & diéu kién nay gidm bot
nhiéu viing phét xa huynh quang do sai héng.

Twr khoa: ZnO, sol-gel, SEM, PL, XRD.

1. MO PAU

K&m oxit (ZnO) 1a chét ban dan loai n thudc ban din nhom II — VI c6 ban chét ion
nam & ranh giGi gitra chat ban dan cong hoa tri va ion, co d6 rong ving cam khoang 3,4
eV. No c6 cac dac tinh xuc tac dién, dién tir va quang hoc déy hira hen. ZnO da duoc coi
la vat liéu dﬁy htra hen cho quang dién tr mang mong [1], ap dién (piezoelectronic) [2],

thiét bi dién tir trong sudt [3], spintronic [4], cam bién [5] va quang dién [6]. Vat liéu ZnO
ché tao & kich thudc nano xuét hién nhiéu tinh chat dic biét, vi du nhu c6 thé thay ddi
dang phd phéat huynh quang, hay c6 thé xuét hién tinh sat tir. Vi thé viéc nghién ctru va
ché tao vat liéu ZnO kich thuéc nano ¢ y nghia quan trong dé tmg dung vat liéu nay
trong thuc té.

Vit liéu ZnO dugce ché tao & kich thude nano d3 dugce nhiéu nhom quan tdm nghién
ctru va ché tao theo nhiéu phuong phap khac nhau nhu: qua trinh co héa véi tién chat 1a
ZnCl,, Na,CO3, NaCl, & & nhiét d6 600°C trong thoi gian 2h duoc cac hat ZnO co kich
thudc 21-25nm c¢6 cau trac hexagonal [7]; Phuong tong hop dung méi nhiét, thuy nhiét
va k¥ thuat vi séng véi tién chat 1a Zn(CH3COO),, Zn(NOs),, LiOH, KOH, NH4OH, thoi
gian phan g tir 10h-48h & nhiét d6120-250 °C duoc cac hat tinh thé ZnO co céu trac
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wurtzite kich thuéc 100nm-20pm [8]; phuong phap sol-gen véi tién chat 1a
Zn(CH3COO),, axit C2H204 va ethanol, diéu kién phan tmg ¢ 50°C trong 60phut, lam
kho gel & 80°C trong 20h; 0 trong khong khi & 650°C trong 4h duoc cac hat ZnO dong
nhit c6 cau tric wurtzite [9]; Nam 2018, nhém nghién ctru ciia Marco Laurenti va cdng
su ché tao vat liu ZnO bang phuong phap ling dong pha hoi dé tao ra mang xdp ZnO
[10]; Gan day nhit, nam 2020 nhém cua Dominguez va cdng su ché tao va nghién ctru
tinh chit quang cia mang ZnO bang phwong phéap nhiét & 200°C [11].

Trong nghién ctru nay, chung t6i ché tao vat liéu ZnO bang phuong phép sol-gen két
hop vé6i qua trinh 1 nhiét trong cic moi trudng va nhiét do 1 khac nhau cho cac mau sau
khi dugc quay phu nhiéu 16p trén dé Si. Muc tiéu 14 tao ra dugc cac mau ZnO két tinh t6t
it sai hong thong qua phép do phat huynh quang ciia ving phat do sai hong. & dinh 550nm.

2. NOI DUNG NGHIEN cUU

2.1. Thuc nghiém

Heé vat lidu ZnO duoc ché tao bang phuong phap sol-gen, cac tién chét 14 Zinc acetate
va DEA. Tron déu céc thanh phan héa hoc theo céc ty 1& da chon trong dung dich bang
may khudy tir trong 5 phut, sau d6 dung dich dugc dun néng dong thoi khudy tir & nhiét
d6 tir 65-70°C trong 3 gio, tiép d6 dung dich sol dwoc 1am ngudi xudng nhiét d6 phong.
Dung dich dugc khudy tir trong 20 gid dé 6n dinh sol cho phan tng thiy phan nhiét xay
ra. Ding may quay phu dé tao ra mang mong rdi dua vao 10 nung ¢ nhiét & nhiét do va
moi truong U thich hop. Cac méi truong khi dugce chon dé u nhiét 1a O,, khong khi va Ar.
Nhiét d6 & miu duoc chon tir 350 °C — 500 °C sao cho cac chét hiru co ¢6 thé bi hay hét.
Thoi gian U nhiét dugc chon trong khoang tir 1h dén 12h. Bang 1 tong hop cac mau dugc
ché tao trong cac diéu kién khac nhau. S6 16p quay phu (tuong tng voi d6 day mang)
duogc chon 12 10, 15, 20, 30 16p.

Béng 1: Bang téng hop céc mau duroc ché tao trong céc diéu kién khéc nhau

MAiu Lép Chédp Mbi truong
Ml 10 500°C/1h Ar
M2 15 500°C/1h Ar
M3 20 500°C/1h Ar
M4 15 500°C/1h Air
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M5 20 500°C/1h Ar,Air
M6 20 500°C/1h 0,
M7 10 350°C/12h Ar
M8 20 350°C/12h Ar
M9 30 350°C/12h Ar
M10 10 350°C/12h 0,
M1l 20 350°C/12h 0,
M12 30 350°C/12h 0O,

Céu trac tinh thé va hinh thai cta hé vt liéu duge nghién cuu béng nhiéu xa tia X
(XRD) trén hé do Bruker D8 Advance va anh hién vi dién tir quét (SEM) trén hé FESEM
JEOL-JSM7600F. Tinh chit phat quang ctia hé dugc nghién ctru thong qua phd huynh
quang (PL) do trén hé do huynh quang phan giai cao HR320.

2.2. Két qua va thao luan

Dé xac dinh duoc mot vat lidu két tinh tdt (it sai hong trong mang tinh thé) hay khong
1a didu kha kho khan. Véi vat liéu ZnO dang cac hat nano da tinh thé, théng qua phép do
nhidu xa tia X, anh hién vi dién tir quét chung ta c6 thé thdy mau két tinh don pha, hinh
thai dong nhét. Tuy nhién khi nghién ctru tinh chat phat quang, chung ta c¢6 chi thu dugc
ving phd phat huynh quang thuan tiy do cac chuyén mirc lién quan tdi cic mirc sai hong
tGi tir cac loai sai hong trong ZnO (phd bién 1a nat khuyét Oxi). Trong bai nay, phép do
phd huynh quang trudc tién duge dung nhuw mot chi ddu, mot phép xac dinh gian tiép dé
xem xét cac mau da tinh thé nano ZnO c6 it hay nhiéu sai hong theo chi thi quang phd
phat xa sai hong. Cac anh hudng ctia méi trudng xir 1y nhiét, nhiét d6 va thoi gian o lan
lugt dugc khao sat chi tiét.

a) Anh hwéng ciia méi trieong i

Oxy, khong khi va Argon 14 3 méi truong u nhiét khac nhau dugc ding dé 0 miu tao
ra tinh thé ZnO. Trong hinh 1, sau khi viing phét xa xanh dugc chuan hoa, chi ¢ phd PL
clia mau U trong Argon c¢6 dinh phat xa rd nét & bude song 380nm, dinh phat xa do chuyén
mirc ving - ving. Vung phét xa tir budc séng 450nm dén 650nn tdi tir cac chuyén mirc
lién quan t6i cac mirc sai hong. Duong nhu su két tinh ciia ZnO tré nén tét hon hodc cac
khuyét tat dugc giam bét trong méi truong i Argon. Diéu nay dan dén mot két luan rang
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Ui trong Argon tot hon so véi hai méi truong Oxy va khong khi. Ban dau, mau duoc
trong moi trudng Oxy hoic khong khi duoc cho rang s& bét di cac sai hong do nut khuyét
Oxy. Tuy vay két qua nhu ¢ Hinh 1 lai ngugc voi su doan nhan ban dau. Co 18, khi c6
mit ciia Oxy, cac hop chat hitu co s& bi chdy hodc oxy héa rat manh, dan téi anh huong
khong tbt t6i qua trinh két tinh ciia ZnO. Do d06, cac mau ché tao tiép theo nén duoc
trong moi truong khi tro Argon.

ZnO

20 layers
500C/1h B
————— in Ar -
—in Air =
----inQ,

Intensity (a.u.)
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Hinh 1: Phé PL cua mang méng ZnO 20 Iép, duoc G trong méi truong khéac nhau

b) Anh hwéng ciia thoi gian va nhiét dé i

Dinh phét xa mau xanh (500nm) trong cac mau ¢6 s6 16p ZnO khac nhau va cac moi
truomg u khac nhau van cao hon dinh phat xa UV (380nm) nhu trén Hinh 1. Chinh vi vy,
chung t6i thir chuyén sang ché d6 1 khac c6 nhiét d6 thap hon & 350°C véi thoi gian dai
hon (12 gid thay vi 1 gio), du kién s& 6n dinh mau. Vi u 14 qua loai bo cac hop chit hitu
co va chi dé lai cAu tric ZnO rin bén véi nhiét, nhiét do the"ip hon c6 thé tranh ung suét
nhiét bat ngod va dé tinh thé ZnO hinh thanh chdm hon va 6n dinh hon trong mot khoang
thoi gian dai hon.

Hinh 2 trinh bay phd huynh quang ctia hai mau ZnO quay phu 20 16p u trong khi Ar
véi hai ché do xur 1y nhiét khac nhau 1a 500°C/1h va 350°C/12h. R4 rang mau duoc 1 &
diéu kién 350°C/12h ¢6 dinh phat xa ving ving (380nm) 16n hon rat nhiéu so véi mau o
& diéu kién 500°C/1h. V&i mau 1 & diéu kién 350°C/1h, cudng d6 dinh phat xa do chuyén
mirc viing viing (380nm) ciing 16n hon nhiéu 1an so voi cudng do 1on nhat ctia ving phat
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sai hong (quanh 500nm). Sy xuat hién ciia dinh nho & budc song 760nm ddi véi mau u &
350°C/12h ciing 1 bang ching vé mot mau phat quang tot (ing véi viée két tinh tét) vi
no6 1a bac hai bac hai ciia dinh 380nm, chi xay ra khi dinh 380nm du 16n.

Sau khi ba thong s (mdi trudng 0, nhiét d6 va thoi gian 1) dugc khao sat thong qua
quang pho PL, mot diéu kién u t6i wu dugc dé xuét 1a: o trong Argon & 350°C thoi gian
12h.
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Hinh 2: Phé PL cda phuong phap xt ly nhiét khéc nhau déi véi mang méng ZnO duoc G
trong Ar véi ving phat xa xanh chuén héa.

Mau duoc ché tao ¢ diéu kién noi trén dugc khao sat truc tiép vé hinh thai céu trac
bang nhidu xa tia X va phép do hién vi dién tir quét. Hinh 3 thé hién phé XRD ciia mang
mong ZnO 10 16p. Két qua phan tich chi ra rang, chi c6 cac dinh ciia ciu trac wurtzite
ZnO, trong khi khong phat hién thay cac dinh nhidu xa ciia cac pha tinh thé khac. Két qua
nay chimg t6 mau la don pha tinh thé ctia ZnO luc giac wurtzite
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Hinh 3: XRD cua mang méng ZnO 10 Iép

Hinh 4 12 anh SEM v¢é hinh thai bé mat ciia vat liéu ZnO 10 16p. Hinh 4a chi ra rang
bé mit mau déng nhét trong mot khoang rong, & d6 khong co hinh thai la nao xuét hién,
diéu nay phu hop voi phan tich XRD ¢ trén. Dbi voi dd phong dai cao hon ¢ Hinh 4b,
kich thuéc hat trung binh chi khoang 20 - 30 nm, mau kha dong nhat vé kich thudc, hinh
dang va d6 tuong phan gitra cac hat.

(a)

§4800-NIHE 10,0k 8 6mm x50.0k SE(M,LAD) 517412073

Hinh 4: Anh SEM ctia mang méng ZnO & cac dé phan giai khac nhau

¢) Anh héng ciia s6 I6p: Cac miu mang mong ZnO khong pha tap dau tién duoc
ché tao bang phuong phap gel-sol sau d6 duoc u & 500°C/1h trong Argon véi s6 16p ZnO
khac nhau. Pau tién, cac miu dugc khao sat bang phuong phap quang phd phat quang,
kich thich bang birc xa c6 budc song 296nm. Hinh 5 so sanh trong phd PL ciia mang
mong ZnO véi sb 16p khac nhau (10 16p, 20 16p va 30 16p). Nhin chung, ba quang pho
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khong khac nhau dang ké, co hinh dang va cudong do phat quang gidng nhau. Piéu nay co
nghia 13 s6 16p khong anh huong nhiéu dén phd PL ciing nhu ciu triic, hinh thai va chét

lugng két tinh.
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Hinh 5: Phé PL cia mang méng ZnO nhiéu I6p khac nhau duoc u trong Ar

3. KET LUAN

Trong nghién ctru nay chung t6i da ché tao dugc vat liéu nano ZnO bang phuong
phap sol-gen két hop quay phu da 16p va xir Iy t nhiét. Cac théng sb ché tao téi wu sau
khi nghién ciru nhu sau: moi trudng i Argon, nhiét do u 1a 350°C va thoi gian 1 1a 12h.
S6 16p quay phu twong tng v6i bé day mang khong anh huong dén tinh chat phat quang
ctia mau. MAu sau khi duoc ché tao 1a don pha luc giac ZnO wurtzite, déng nhét véi cac
hat don tinh thé dang clu ¢o duong kinh tir 20 - 30 nm. Véi diéu kién ché tao nhu trén,
méu phat huynh quang véi cudng d dinh phat xa do chuyén muc ving ving tng véi
bude song 380nm 1a rat 16n, ving phat xa téi tir cac chuyén muc lién quan téi cac mirc
sai hong 1a giam di dang ké. Piéu nay chimg t6 s6 luong sai hong trong mang tinh thé
giam di nhidu. Két qua nay cé y nghia quan trong trong viéc kiém soat, thay doi dic trung
pho phat quang cta ZnO thong qua viéc diéu chinh tham sé (mdi trudng, thoi gian va
nhiét d 1) trong cong nghé ché tao.

Loi cam on: Cac tac gia xin cam on TS Ngé Ngoc Ha (ITIMS), ThS Cao Thdi Son
(AIST) dd déng gép nhiéu y kién quy bau trong qud trinh thao ludn, trao déi vé cdc ni
dung trong bai bdo.



TAP CHI KHOA HOC - SO 01 (8/2022) | 69

10.

11.

TAI LIEU THAM KHAO
Leong, E.S.P.; Yu, S.F.; Chong, M.K.; Tan, O.K.; Pita, K, Metal-oxide-SiO2
composite ZnO lasers, IEEE Photonics Technol, Lett. 2005, 17, 1815-1817.
Krishnamoorthy, S.; lliadis, A.A, Properties of High Sensitivity ZnO Surface

Acoustic Wave Sensors on SiO2/(100) Si Substrates, Solid-State Electron. 2008, 52,
1710-1716.

Subramanian, V.; Bakhishev, T.; Redinger, D.; Volkman, S.K, SolutionProcessed

Zinc Oxide Transistors for Low-Cost Electronics Applications, J. Disp. Technol.
2009, 5, 525-530.

Dietl, T.; Ohno, H.; Matsukura, F.; Cibert, J.; Ferrand, D. Zener, Model Description
of Ferromagnetism in Zinc-Blende Magnetic Semiconductors, Science 2000, 287
1019.

Wang, H.T.; Kang, B.S.; Ren, F.; Tien, L.C.; Sadik, P.W.; Norton, D.P.; Pearton,
S.J.; Lin, J, Hydrogen-selective sensing at room temperature with ZnO nanorods,
Appl. Phys. Lett. 2005, 86, 243503.

Han, J.; Fan, F.; Xu, C.; Lin, S.; Wei, M.; Duan, X.; Wang, Z.L, ZnO nanotube-based
dye-sensitized solar cell and its application in self-powered devices, Nanotechnology
2010, 21, 405203 (2010).

Ao, W.; Li, J.; Yang, H.; Zeng, X.; Ma, X, Mechanochemical synthesis of zinc oxide
nanocrystalline, Powder Technol, 168, 128151 (2006).

Dem’Yanets, L.N.; Li, L.E.; Uvarova, T.G, Zinc oxide: Hydrothermal growth of
nano- and bulk crystals and their luminescent properties, J. Mater. Sci, 41, 1439—
1444 (2006).

Benhebal, H.; Chaib, M.; Salomon, T.; Geens, J.; Leonard, A.; Lambert, S.D.; Crine,
M.; Heinrichs, B, Photocatalytic degradation of phenol and benzoic acid using zinc
oxide owders prepared by sol-gel process, Alex. Eng. J, 52, 517-523 (2013).

Marco Laurenti * and Valentina Cauda, Porous Zinc Oxide Thin Films: Synthesis
Approaches and Applications, MDPI journals Coatings, 8, 67 (2018).

Rafael Antonio Salinas Dominguez, Miguel Angel Dominguez Jimenez, and Abdu”
Orduna Diaz, Antibody Immobilization in Zinc Oxide Thin Films as an Easy-Handle

Strategy for Escherichia coli Detection. ACS Omega 5, 32, 20473-20480 (2020).
Dia chi lién hé: PTN BKEMMA, Vién AIST, Dai hoc Bach khoa Ha Noi, 40 Ta Quang

Buru, HN.




70 ” CHUYEN SAN KHOA HOC TU NHIEN VA CONG NGHE

STUDY ON THE FABRICATION OF ZnO NANOMATERIALS BY THE SOL-GEN
METHOD COMBINED WITH MULTI-LAYER SPIN COATING AND ANNEALING

Nguyen Huu Cuong, Pham Vu Loc,
Nguyen Duc Dung, Ta Quoc Tuan

Abstract: ZnO polycrystalline nanomaterials are fabricated by the sol-gel method
combined with multi-layer spin-coating and annealing. The fabricated material is a
monocrystalline wurtzite hexagonal structure, homogeneous with spherical
monocrystalline particles of size 20-30 nm. In this study, we have fabricated and
tested ZnO samples under different conditions (annealing environment, annealing
temperature, number of layers, annealing time). We examined structural morphology
by X-ray diffraction (XRD), SEM, the optical properties were investigated by
fluorescence spectroscopy. As a result, the best fabrication parameters proposed
are annealed in Argon gas at 3 500 ° C for 12 hours. These fabricated samples
reduce the area of fluorescence emission due to defects.

Keywords: ZnO, sol-gel, SEM, PL, XRD.
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