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SUMMARY
STUDY ON THE STRUCTURE, PROPERTIES OF Ce* DOPED ZnO
NANOPARTICLES FABRICATED BY ULTRASONIC ASSISTED
HYDROTHERMAL

In this investigation, the Ce** doped ZnO nanoparticles (Zn/x%Ce) have been successfully synthesized via

simple ultrasonic assisted hydrothermal. The X—ray diffraction diagram showed that Ce**ions has replaced
Zn* ions in the hexagonal structure of ZnO, forming nanoparticles. The hexagonal wurtzite lattice of ZnO is

not changed and the strain increased with the concentration of doped Ce**. The FE-SEM and the TEM
images showed that Zn/x%Cenanoparticles had spherical aggregates with an average particle size of less

than 35 nm. Fourier transform infrared spectroscopy has demonstrated the Zn—O characteristic vibration
group and the material surface vibration groups. The BET parameters of the Zn/5%Ce material show that
the N, adsorption/desorption isotherm is typical type Ill, with average capillary size and micropores. The
high purity and density distribution of elements Zn, O, Ce in the samples host, confirmed through X-ray
energy dispersive spectroscopy for elemental and mapping. Nanoparticles Zn/x%Ce will be applicability to
effectively removal for pollutants in environmental water.

Keywords: Zn/x%Ce; nanoparticles; ultrasonic; hydrothermal; characterization.

I. MO PAU

Hién nay, vic tong hop céc vat ligu xu Iy n, nhém 11-VI, mang ban chat ion, nam
0 nhiém moi trudng nudc bang céc giai ranh giéi gitra chat ban dan cong hoa tri
phap khac nhau la nhiém vu trong tdm cua va ion, véi d6 rong vang cam 3,3-3,4 eV,
nhiéu nghién ctru. Vt lidu nano cé nhiing it doc hai, nang luong lién két 60 meV, c6
dic diém noi bat va kha ning tng dung tinh chat dan dién, dan nhiét, hoa hoc,
cao, dd thuc day cac nghién cau tong hop quang hoc doc déo, kha nang chon loc va
nhiéu loai vat liéu nano sir dung lam chat twong thich sinh hoc tét [3, 4]. Céc vat
hip phu va quang xuc téc [1, 2]. Trong lieu nano nén ZnO dang duoc sir dung
nhiéu vat liéu nano, nano ZnO dugc quan trong nhiéu linh vuc nhu, ¢ ché dn mon,
tam st dung, do c6 tinh phd bién, than lam chat chéng vi tring, dé tai tao ma, l6p
thién moi truong, bén co hoc, thuong cé phu Céy ghép, hinh anh sinh hoc, chtra
dién tich bé mat riéng kha l6n va ciu trac lanh vét thuong, phét trién cac ligu phap
x6p, rong. ZnO thudc nhom ban dan loai diéu tri ung thu, té bao ning luong, dau
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do ap dién, duoc pham, my pham, hip
phu va quang xuc tac, chuyén doi CO,,
mang mong dién tir, thiét bi dién tir trong
suét, cam bién va quang dién [5, 6].

Nano ZnO c6 thé duoc ché tao nhanh bang
cac ky thuat sol-gel, bay hoi dung moi,
dong ket tua trong cac hé thong vi nhil
tuong, téng hop xanh,... nham kiém soat
vé kich thudc va d6 dong nhit. Bén canh
do, cong nghé thuy nhiét co nhiéu uu
diém, duoc wa chuong voi cac budc don
gian, khéng su dung cac dung moi, hoa
chat doc hai, nguy hiém va c6 thé dugc hd
tro bang vi séng hoic siéu am [1-3].

Khi pha tap mot s6 nguyén té C, Ce, Mn,
W, Sb vao nén ZnO, sé& thu duoc cac vat
liu nano bén va khong doc, s& gitp ting
cuong kha nang phan tng quang hoa,
khang khuan va tir tinh, chéng oxy hoa va
chéng ung thu, phu hop cho @ng dung
ndng nghiép, sinh hoc, y hoc, xuc tac
phan tng tong hop hiru co va xuc tac
quang [4, 7, 8].

Gan day, cac nghién ciru tap trung vao vat
liéu quang X(c tac trén co s oxit ban dan,
hudng dén muc tiéu 1am sach nudéc thai 6
nhiém chat hiru co dudi bic xa anh séng
mat troi. Trong quang xGc tac ban dan,
khi bi kich thich béi nang luwong photon,
cac electron (") chuyén tir ving hda tri
(VB) lén ving dan (CB), dong thoi hinh
thanh céc 15 trong (hvs"). Céc (¢) va (h")
duoc tao ra, truc tlep hoac glan tlep, S€
kich hoat qué trinh phan huy thudc nhuom
bang phan &ng khir va/hoic oxy hoa. Céc
(e") va (h") duoc tao ra do quang hoa cd
thé tai t6 hop dé dang, nén can phai dugc
ngan chan hoac han ché, nham tang
cudng hiéu qua phan hay bang quang xdc
tac [9].

CeO, la oxit ban dan duogc sir dung rong
rai trong cac linh vuc moi truong, sinh
hoc, xuc tac quang va dién tir. Ce ¢ cau
trac electron doc déo 4f'5d'6s2, c6 thé tdn
tai & 2 dang sé oxi hoa +4 hoac +3. Tinh
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thé CeO, thudc loai fluorit ¢ cau trac lap
phuong tam dién véi 8 ion O*” xung quanh
mdi ion Ce**. CeO, c6 chi sb khic xa cao,
kha ndng hap thu tia cuc tim higu qua véi
d6 6n dinh cao. Ngudng hap thu anh sang
ctia CeO, c6 thé dat t6i 420 nm, cao hon
so véi vat liéu ban dan TiO, thuong st
dung. Nano CeO, c6 do rong ving cim
nho, véi cac ung dung vuot troi trong san
Xuat man hinh phét sang, xc tac oxy hoa
CO, danh béng co hoc, chuyén d6i ning
lugng va xu 1y nudc thai. Pac trung hinh
thai, cau trac, kich thudchat, tinh chat bé
mat va mac do tréng oxy trong CeO, cé
anh huong 16n dén hoat tinh quang xuc tac
cua né. Trong qué trinh bién d6i giira hai
dang Ce™ va Ce*, cac chd trdng oxy c6
thé tham gia truc tlep vao phan tmg luu trix
va giai phong oxy. Do d6, cac chd trong
oxy c0 kha nang gay ra sy oxy hoa hoac su
khtr, tao ra tiém nang st dung trong xuc
tac quang ho& va chuyén doi ning luong
[10-12].

Trong pham vi nghién ctu nay, chung toi
tap trung nghién cau cac dac trung tinh
chat cia nano ZnO pha tap (0-9 mol%)
Ce*, duoc téng hop bang thuy nhiét hd
tro rung siéu am. Vat liéu nano Zn/x%Ce
dugc danh gia cau tric pha tinh thé, khao
sat cac nhom dic trung bé mat, nhan dinh
hinh théi, kich thuéc, kiém tra do tinh
khiét va dic diém phan bd nguyén té
trong mau bang cac phép phan tich ly hoa
hién dai.

Il. THUC NGHIEM
2.1. Céc buwéc ché tao vit liu

Céc nano ZnO pha tap x mol% ion Ce*
(Zn/x%Ce, x = 0-9), dugc ché tao don
gian bang cong nghé thay nhiét. Két tua
hoan toan hén hop chira 0,01 mol
Zn(NO3), va x% mol Ce(SO,),.4H,0 (x =
0-9) bang dung dich NHz 1 M vira du
(céc hoé chat déu co do tinh khiét 99% cuaa
Merck). Hon hop phan tmg dugc rung siéu
am ¢ 60 °C trong 1 gio voi tan sé 37 kHz.



Chuyén hdn hop sang autoclave va thuc
hién thuy nhiét ¢ 200 °C trong 12 gio. San
phdm thé duoc loc, rira nhiéu lan bang
(C:HsOH/H,0 = 1/1, viv), 1am khd & 60
°C trong 8 gio va nung thiéu két 5 gio &
600 °C trong khéng khi. San pham thu
dugc la cac vat liéu nano Zn/x%Ce, dung
dé ghi do cac loai ph6 phan tich hién dai.

2.2. Panh gia cac tinh chit vat liéu

Céc nano Zn/x%Ce** sau khi tdng hop
thanh cong, dwoc tién hanh khao sat cau
trdc tinh thé boi hé XRD (D8
Advance)van hanh ¢ 40kV, 20mA,
ngudn bic xa CuK,, budc nhay goc 260 ~
0,02° va toc d6 4 °/min; Phép do FT-IR
bai hé Perkin—Elmer Spectrum BX; Khao
sat hinh thai bé mat va kich thuéc hat
bang viéc do FESEM véi hé JEOL JSM-
7600F; Dién tich bé mat riéng duoc xac
dinh bang may BET (NOVA touch 4LX,

Quantachrome Instruments); Xac dinh
thanh phan va dic diém phan bd cac
nguyén té dugc danh gid boi hé EDS
Hitachi TM4000PIus.

I11. KET QUA VA THAO LUAN

3.1. C4u truc caa vat lieu ZnO pha tap
ion Ce**

Pha tinh thé luc gidc cua céc vat liéu
Zn0:Ce** duoc xac nhan bang gian d6
nhiéu xa tia X, trinh bay trén hinh 1la.
Quan sat hinh 1a nhan thay, toan bo dinh
nhiéu xa & vi tri cac goc 20 ~ 31,60°%
34,27% 36,25°; 47,38; 56,42°; 62,73°;
66,26°; 67,79° va 68,95° phu hop véi cac
mat phan xa (100), (002), (101), (102),
(110), (103), (200) va (112) va (201)
trong cau tric wurtzite caa tinh thé ZnO
(JCPDS card no. 036-1451) [2, 5, 9-11].
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Hinh 1. Gian do nhiéu xa tia X cia cac nano: (a) Zn/(0-9)%Ce, (b) Pinh nhiéu xa 6goc 260 ~36,11°.

Bang 1. Puong kinh trung binh tinh thé (D) cia vt liéu Zn/x%Ce theo Scherrer.

o FWHM (°) Phuong trinh Scherrer
Vit liéu o
(20 ~ 36,11 D (nm)
Zn/0%Ce 0,3969 20,83
Zn/1%Ce 0,4150 20,33
Zn/5%Ce 0,4346 18,61
Zn/9%Ce 0,4638 17,40
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Két qua XRD xé&c nhan ring khong cé
dinh cua tap chét va khong co su thay doi
nao trong cau tric wurtzite luc giac cua
vat lieu ZnO:Ce*, chirng minh sy pha tap
thanh cong ion Ce** vao bén trong mang
nén ZnO. Péang cht v 13, khi ting ndng do
pha tap Ce*", tao ra xu huéng dich chuyén
dinh (101) vé phia gc nhidu xa nho hon
(Hinh 1b). Diéu nay dwoc cho la khi thay
thé Zn** bang Ce*, vi dién tich cua ion
Zn?* nho hon Ce*, gay ra twong tac tinh
dién manh cua Ce** vsi 0%, vuot qua hiéu
g bén kinh cua Ce** (0,87 A) va lon
hon so véi Zn** (0,74 A), két qua l1a mang
tinh thé cua vat lidu bi co lai [12]. Viéc
mao rong kich thuéc 6 mang co s¢ do pha
tap Ce** ¢ ban kinh ion I¢n hon ban kinh
ion cua Zn** dan dén lam giam kich thudc
hat trung binh cuaa vat liéu Zn/x%Ce,

dugc x4c dinh theo phuong trinh
Scherrer:
0.89*4
= oy
p*coso
O day, A = 0,15406 nm (CuK,), B la do

rong Umg voi nura chiéu cao cua cuc dai
nhiéu xa (FWHM) tai goc 20 tuong tng.
Két qua & bang 1 cho thiy, sir dung k¥
thuat thuy nhiét hd tro siéu am, da thu
dugc c&c nano Zn/x%Ce voi duong kinh
trung binh tinh thé tinh theo biéu thic (1)
nam trong khoang 17,40-20,83 nm.

3.2. Pac trung FT-IR cia vat liéu nano
ZnO pha tap Ce**

Nhiing dinh dic trung dao dong hong
ngoai cua nano Zn/x%Ce dugc mo ta trén
hinh 2. Trén pho FT-IR cua cac mau
Zn/x%Ce déu xuit hién hai dai hap thu
cuc dai & vj tri 2327-2379 cm™’, duoc
quy gan cho dao dong cua lién két C=0
tron%] CO,. Binh hap thy kha manh ¢ 3281

tuong wng voi dao dong kéo dai
nhom —OH ctia nudc hap phu bé mat va
cuong d6 nhdm —OH manh hon so Vvéi
nhém C=0. S6 séng & 1624 cm’ lién
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quan dén dao dong ubn cong cua nuéc bi
hip phu bé mat vat liéu. Cac nhém —OH
clng Vé6i cac phan tr nudc bi hap phu
dong mot vai tro quan trong, ching phan
g véi céc 16 quang sinh (h* trén bé mat
vt liéu va tao ra gbc OH', 12 tac nhan oxy
hda manh cac chat hiru co. Cac dinh tap
trung & 512 va 667 cm * xuat hién trong
viing tir 410-778 cm ™%, dwoc quy gan cho
dao doéng rung kéo dai cua Zn-O-Zn va
0-Zn-O trong cac héc te dién cua cac
nano Zn/x%Ce, tuong tng. Cac dinh nho
hon 500 cm™, nim & 410-418 va 422-
464cm, ung véi dao dong kéo dai cua
Ce-O. Théng tin dix kién nay phu hop tét
V6i cac cong bd trude day [1-3, 6, 8].
Ngoai ra, voi miu Zn/9%Ce*, quan sat
thdy su dich chuyen cac pic cuc dai vé
phia tan s6 cao hon. Khi tang nong do pha
tap Ce*", s& gy ra it nhiéu sy bién ddi
trong Cau trdc tinh thé cua vat liéu nano
Zn/x%Ce ché tao duoc theo ky thuat thuy
nhiét két hop rung siéu am.

3.3. Pic trung bé mit va Kich thwéc hat
cua vat liéu nano ZnO pha tap Ce**

Hinh 3(a-f) trinh bay anh FE-SEM va
TEM cia cac vat liéu nano Zn/x%Ce.
Anh FE-SEM trén hinh 3(a-c) cho thay,
cac nano Zn/x%Ce c6 hinh thai xp véi
nhiéu khoang tréng giita cac hat nano, c6
I& dugc hinh thanh do rung si€u am, dugc
dic trung boi cac hat nano cau ZnO:Ce
két tu khong déu va bién doi nhe khi ting
ndng d6 Ce**pha tap. Quan sat anh TEM
trén hinh 3(d-f) nhan thdy, cac vi cau
Ce0,/Ce,03 nhé hon gin vao hat ZnO 16n
hon, tao ra cac hat vat liéu vai duong kinh
khoang 25-35 nm. Sy phén b tdt cua cac
vi cau CeO,/Ce,05 trén ZnO, gilp cho su
chuyén ddi electron cua cap Ce*/Ce®" tét
hon trong nano Zn/x%Ce. Mat do cao cua
céc hat mang dién tich c6 lién quan dén ty
Ié gitra dién tich bé mat va tong thé tich
cua cac 16 mao quan, s& co tac dong lon
dén hiéu qua phan ¢ng quang xuc tac
phan huy chat hitu co.
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Element Atomic %
67.98
32.02
100.00

Weight %

0 K 3420+0.16
In L
Total

65.80+0.16
100.00

(b)
Atomic %
6620
32.07
176
100.00

Element
0 K
Zn L
CeL
Total

Weight %
31.15+£0.17
61.60£0.19
725£0.17
100.00

()

H|nh 5. Phé EDX thanh phan cua: (a) Zn/0%Ce, (b) Zn/5%Ce va Pho EDX mapping cua:
(c) Zn/0%Ce, (d) Zn/5%Ce, () Mau sdc nguyén té (Zn -xanh, O - ds, Ce -tim).

3.4. Dién tich bé mit riéng va cau tric
mao quan cia vat liu Zn/x%Ce

Mau nghién cau dai dién Zn/5%Ce duogc
phan tich dién tich bé mit riéng bing
phép do BET va chi ra trén hinh 4. Quan
sat nhan thay, duong dang nhiét da diém
mo ta su hap phu - giai hiap phu N, &
77,35 K cua vat liéu Zn/5%Ce phu hop
v6i duong dang nhiét hip phu loai IlI,
dién hinh cho vat liégu mao quan trung
binh, ching to vat liéu c6 hinh thai hat
nano, trong d6 ¢6 sy sut giam trén truc tung
1a do Iugng N, duoc hap phu boi vat lidu da
giam nhanh hon so v6i su giam ap SUat [7].
Vit liéu Zn/5%Ce bao gém céc 15 vi xop va
trung gian, c6 kha ning hap phu tét cac
chat. Can cr vao su phan bd kich thudc 16
cua Barrett Joyner Halenda (BJH), khang
dinh su ton tai cua cac 13 siéu nho. Nano
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Zn/5%Ce c6 dién tich bé mat riéng la
5,88295 m%/g, cac mao quan c6 tong thé
tich 1a 0,03782 cm®/g va trung binh duong
kinh mao quan 12 1,91965 nm. Céc thdng sd
dic trung cia nano Zn/x%Ce*" nhu kich
thuéc hat, dién tich bé mat riéng, do rong
viing cam, ¢6 anh huong dang ké dén hiéu
suat hap phu va quang xdc tac phan huy
chat hiru co trong nudc.

3.5. Thanh phan héa hec cia cac hat
nano ZnO pha tap ion Ce**

Hai dang phé EDX cua c&c nano
Zn/0%Ce va Zn/5%Ce duoc chi ra trén
hinh 5(a—¢). C&c hinh 5(a—b) xac nhan céc
mau vat liéu Zn/x%Ce chi chaa 3 thanh
phan nguyén té: Ce, Zn, O véi tong ham
lugng 1a 100%, khang dinh cac vat liu
khéng l1an tap chat va c6 do tinh khiét cao.



Phé EDX mapping cua Zn/0%Ce va
Zn/5%Ce trén hinh 5(c—e) da khang dinh
sy xuit hién anh xa va mat do phan bé
déu cua Zn, Ce va O trong tinh thé nano
cua cac vat lieu. Két qua nay da chang
minh hiéu qua cuaa bién phap rung siéu am
két hop thuy nhiét, nham ché tao thanh
cong cac vat liéu nano Zn/x%Ce véi do
sach va dong nhat tuyét voi, ky vong tinh
chét quang tt va kha niang ¢ng dung cac
nano Zn/x%Ce trong xur ly 6 nhiém moi
truong nudc, khang khuan, thiét bi quang
hoc va dién tu.

4. KET LUAN

D4 két hop thuy nhiét va rung siéu am tan
s6 37 kHz dé ché tao thanh cong cac nano
ZnO pha tap Ce**. Gian db XRD x&c nhan
su pha tap ion Ce** vao cdu tric luc giac
cta ZnO véi sy bién dbi nhe kich thuéc
hat theo ndng d6 Ce*" pha tap. Phan tich
anh TEM va FE-SEM cho thay, cac nano
cau ZnO:Ce két tu khong déu, duong kinh
hat duéi 35 nm. Pho FT—-IR di khang dinh
su xuat hién cac nhém Zn-O dao dong
kéo dai, dic trung ¢ 512 va 663 cm .
Puong ding nhiét hap phu/giai hip phu
N, cua vat liéu Zn/5%Ce thuoc loai 111, c6
mao quan trung binh va cac 16 vi xdp.
Phé EDX da xac nhan do sach cao va su
phan bb déu céc thanh phan Zn, O, Ce
trong toan nén mau. Voi cac dic trung
tinh chat néi bat, nano Zn/x%Ce c6 tiém
nang str dung lam vat liéu quang xuc tac
trong xir ly chét hitu co gay 6 nhiém moi
truong nudc 1a rat 16n, s& duoc ching toi
trinh bay & bai béo tiép theo.

Loi cam on: Nghién ciru nay duoc tai trg
boi Truong Dai hoc Su pham - Dai hoc
Thai Nguyén thong qua de tai khoa hoc va

cdng nghé cép co so, ma sé6 TNUE-2023-
13.
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