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SUMMARY

THE CHARACTERISTIC PROPERTIES OF NANO Ce** MODIFIED ZIRCONIA
MATERIALS USING HYDROTHERMAL METHOD SUPPORTED
ULTRASONIC

In this investigation, Ce**-modified ZrO, nanoparticles (Zr-x%Ce) were successfully synthesized by the
ultrasonic assisted hydrothermal method to overcome the weaknesses of ZrO, (very large band gap, poor
visible light absorption) and expand the application range of the original ZrO,. The changes in structural
and morphological properties due to the doping level of Ce in ZrO, were investigated using XRD patterns,
Raman scattering, SEM images, EDS, BET, and UV-Vis-DRS studies. XRD patterns showed that the Ce-
doped ZrO, nanoparticles had monoclinic and tetragonal phases. The average nanoparticle size of ZrO, and
Ce-doped ZrO, is less than 30 nm. The Raman spectra confirmed the characteristic vibrational groups of the
ZrO, monoclinic and tetragonal phases. The Zr-x%Ce nanoparticles have high purity, with uniform
distribution of Ce in the ZrO, matrix, a relatively high surface area, average capillary diameter, and small
band gap energy of 2.812-3.062 eV. Based on the outstanding properties of Zr-x%Ce, it can be used as a
sustainable, efficient, economical, and environmentally friendly photocatalyst for the treatment of dyes in
industrial wastewater.

Keywords: ZrO,, modified, Ce**, hydrothermal, ultrasonic, outstanding properties.

1. GIOI THIEU dugc coi 1a bién phép tién tién cho hiéu
qua xir ly triét dé, hiéu qua kinh té va than
thién véi moi trudng, da dugc dung dé xu
li nude thai ¢ cac khu cdng nghiép in 4n,
dét nhuom, bénh vién [2-5]. Oxit ban dan
ZrO, c6 d¢ bén rat cao, do 6n dinh Ién
trong khoang pH rong va than thién moi
truong [6-7]. Tuy nhién, han ché 16n nhat
cua ZrO; 1a c6 niang lugng ving cam 16n
(khoang 5,0 eV), da lam giam kha nang
tng dung quang xUc tac cua nd. Van dé

Céc pham mau hitu co phat thai tir nganh
cong nghiép, dét nhuém da giy 6 nhiém
ngudn nudc mit. Luong ton du cac chat
hitu co doc hai trong moi truong nude s€
lam mét can bang hé sinh thai, anh huong
nghiém trong dén stc khoé va doi séng
con ngudi [1]. Nhiéu giai phép ki thuat da
dugc st dung dé xu ly céc chét hiru co
doc hai, trong d6 cong nghé quang xuc tac
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nay c6 thé duoc khac phuc bang cach pha
tap cac ion kim loai chuyén tiép ho d, f
hoic mot sé phi kim nhu C, N vao nén
ZrO, nham thu dugc cac vat liéu c6 kich
thudc nano vai céc tinh chat thay ddi tich
cuc [8-10]. Viéc pha tap ion kim loai vao
chat xdc tac ban dau s& cai thién cac tinh
chét hoa ly, bén, than thién méi truong va
tang cuong hoat dong quang xuc tac nho
vao sy giam ning lwong ving cim cua no.

Cac ion dat hiém Ce*, Ce*" duoc danh
gia 1a nhan t5 pha tap day hta hen cho
kha ning diéu chinh cac tinh chat quang
cia ZrO,, do c6 su chuyén doi gitta hai
dang Ce** va Ce*". Vat liéu chira Ce va
Ce0, da dugc nghién cau sir dung lam
xuc tac di thé do c6 kha nang chuyén doi
gitra cAc trang thai oxy hoa, tao ra tuong
tac voi cac goc ty do (OH) [5, 7, 9, 11].
Cai thién hoat tinh quang xuc tac dudi
anh sang kha kién hoic buc xa mit troi
cuia cac vat lieu nho su pha tap
Ce0,/Ce;03, la mot trong nhing giai
phap hiéu qua cao. Cong trinh nay trinh
bay két qua ché tao va nghién ciu cac dic
trung tinh chait cua nano ZrO, bién tinh
boi ion Ce** bang phuong phép thuy nhiét
c6 hd tro rung siéu am, nhim m¢ rong
tng dung cua ZrO, trong mot sé cong
nghé hién dai.

2. THU'C NGHIEM
2.1. Ho4 chét va thiét bi

Cac hoa chat: ZrCls, Ce(SO4)2.4H,0),
NH; va C,HsOH, déu c6 do tinh khiét
phan tich (> 99%) dugc mua tu héng
Merck (Puc). Bo dung cu thuy nhiét
(Autoclave) pipet; may ly tam; can dién
tr 10 g; ta sdy; 16 nung; bé rung siéu &m
Elma S100H 9.5 lit - EImasonic.

2.2. Ché tao vit li¢u

Nano ZrO,:x mol% Ce*" (Zr-x%Ce) dugc
tong hop bang phuong phap thuy nhiét va
rung siéu am. Nén Zr(IV) (10 mol) va
cac lwong Ce** khac nhau, tr 0 dén 3
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mol% so véi nén Zr(IV), duoc can chinh
x4c. Két tua hoan toan hdn hop mudi
Zr(1V) va Ce** bang dung dich NHs/H,0
(1/1, v/v). Tién hanh rung siéu &m & tan
s6 37 kHz, 75 °C trong 2 gio, hon hop
dugc chuyén sang cbc teflon va thuc hién
thuy nhiét & 200 °C trong 15 gio, sau do
dé nguoi, ly tam, loc va ria két taa 5 lan
bang dung mdi C,HsOH/H,O (1/1, V/v).
San pham duoc sy kho qua dém ¢ 60 °C,
cudi ciing dem nung & 600 °C trong 4 gio,
véi toc do gia nhiét 14 5 °C/min, thu duoc
c4c nano Zr-x%Ce, dung dé nghién cau
céc dic trung tinh chat vat liéu [1, 7].

2.3. C4c phwong phap xac dinh dic
trung ly héa ctia vat liéu

Gian d6 nhiéu xa tia X (XRD) duogc ghi
trén may D2 Phaser (Bruker, Germany),
hoat dong & 40 kV, 20 mA, st dung btrc
xa CuK, (1 = 1,54056 A), budc nhay quét
26 13 0,02°, toc do6 quét 4°/phat. Hién vi
dién tor quét phat xa truong (FE-SEM)
tich hop véi pho ké tan sic niang luong tia
X (EDS) va dau do huynh quang catot
(CL): JEOL JSM-7600F (M¥), dién thé
hoat dong 5 kV. Phé EDS (Hitachi
TM4000Plus) dugc su dung dé phan tich
thanh phan va sy phan bb cac nguyén tb
trong vat li¢u. Dién tich bé mat riéng cua
vat ligu dugc xac dinh bang phuong phap
dang nhiét hap phu-giai hip phu N,
(BET) trén may NOVA touch 4LX,
Quantachrome Instruments. Phé phan xa
khuéch tan cua vat liéu duoc xac dinh
bang may UV-Vis-DRS (Carry 5000).

3. KET QUA VA THAO LUAN
3.1. Pic trung tinh chit cia vt liéu Zr-
X%Ce

3.1.1. Gian @6 nhiéu xa tia X va phé
Raman

Gian d6 XRD cua Zr-x%Ce (hinh 1a),
xuat hién cac dinh dic trung cua ZrO, tai
cac goc nhidu xa 20 ~ 24,26%; 24,43,
28,13"; 31,42°; 38,52°; 40,72°; 44,63



49,31%; 50,14°; 53,99°; 55,507 59,95 va
65,59° twong (tng véi cac mat mang m-
(110); m-(011); m-(—111); m-(111); m-
(120); m-(—112); m-(211); m-(220); m-
(002); m-(122); m-(310); m-(131) va m-
(023) cua cau trGc monoclinic (JCPDS
037-1484) [1,2,3]. Ngoai ra, xuét hién cac
dinh nhiéu xa dic trung cua cau tric
tetragonal (JCPDS 050-1089) tai cac goc
20 ~ 30,097 34,197 35.48°; 62,87° va
75,20° ung vai cac mat mang t-(101); t-
(002); t-(110); t-(202) va t-(220) [1, 3, 7,
10]. Sau khi pha tap Ce**, quan sat thiy
cac dinh nhidu xa cta ZrO, ban dau tro
nén sic nét hon, chung té rang vat liéu
Zr-x%Ce c6 do két tinh va do tinh khiét

pha cao hon. Trong do, cac dinh tai
28,13° 35,22° thé hién sy cung ton tai
hinh thai caa CeO, va ZrO,. Theo céng
thirc ctia Scherrer, tai dinh nhiéu xa 28,13
cua cac vat liéu Zr-x%Ce (x = 0-3), tuong
tng véi cac géc FWHM = 0,40454°
0,32012°% 0,28106°, duong kinh tinh thé
tinh lan luot 1a 20,02; 25,30 va 28,82 nm.
Nhu vay, su két hop cua qua trinh thuy
nhiét va rung siéu am, da pha tap thanh
céng Ce** vao mang nén ZrO,, tao thanh
c4c tinh thé Zr-x%Ce bién tinh, c6 kich
thudc nano nho hon so voi cac phuong
phép ché tao khac [7], thich hop cho céac
dinh hudng ung dung quang hoc, tdc nhan
dién hod va quang xuc tac.
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Hinh 1. (a) Gidn do XRD cua céc vt liéu Zr-x%Ce va (b) Phé Raman cua Zr-x%Ce (x = 0 - 3).

Hinh 2. Anh FE-SEM cua Zr-x%Ce: (a) x = 0; (b)
X=3.
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Surface Area = 14.7617 m’g™'
Micropore volume =0.1785 cm’g™")
Pore radius = 5.8400 nm
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Hinh 3. (@) Puong dang nhiét hap phu va gidgi hdp
phu N, (b) Sz phan bé thé tich mao quan theo
dwong kinh mao qudn, (c) Su phan bé dién tich bé
mdt riéng theo dwong kinh mao qudn cua vt ligu
cua Zr-1%Ce.



Ngoai gian d6 XRD trong hinh la, cu
truc pha tinh thé cua vat liéu c6 thé duge
x4c nhan thém biang phé Raman va duoc
trinh bay trong hinh 1b. Phd Raman cua
cac vat lidu Zr-x%Ce da thé hién rd sau
ché d6 rung Raman (3Eq + 2By + 1Alg)
: 148 cm™ (Eg), 265 cm™ (Ayy), 321 cm™

(Blg) 463 cm’ (Fzg) 597-616 cm’ (Blg)
va 624-640 cm’ (Eg) la cac dac trung dao
dong cua pha ZrO, tetragonal. Cac dao
dong ¢ 177-190 cm™, 215 cm™, 333-382
cm™, 437 cm™, 502 cm™ va 556 cm™ dic
trung cho céc che do dao dong (9A4+9By)
cia pha ZrO, monoclinic. Dao dong ¢
724 cm™ dac trung cho cac nhom lién két

Element Linetype  Weight, % Atomic, %
Zr T4TB£046 3421
O  Kseries 2522046 6579

Total 100.00 100.00

L series

T

VR

57 oxal

Ce-O va Zr-0. Cac két qua nay phu hop
voi phan tich XRD 6 trén [5, 6, 9].

3.1.2. Hinh thdi hoc bé mat vt liéu Zr-
X%Ce

Quan sat anh FE-SEM cho thay, c4c hat
nano Zr-x%Ce (hinh 2a-2b) két tu hinh
cau, kich thuéc khoang 40-60 nm, co
nhiéu 15 tréng 1am ting dién tich bé mat
vat liéu. Su pha tap ion Ce** vao ciu tric
cua ZrO, da tao ra cac hat nano Zr-x%Ce
véi hinh thai bé mat thay doi va xuét hién
cac 156 mao quan/xdp trén bé mat co kich
thugc 16n hon so véi ZrO, ban dau.

Element Linetype Weight,% Atomic, %

Zr

o K series
Ce

Total

62.39 £ 0.45

2538 +£0.42

.24 £0.34
100.00

29.01

67.28

3.70
100.00
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Hinh 5. Phé UV-Vis-Drs va duwong cong nang lwong Kubelka-Munk ciia Zr-x%Ce: (a) Ving UV; (b) Ving
kha kién.
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3.1.3. Dién tich bé mat riéng cua vat liéu
Zr-x%Ce

Két qua xac dinh dic diém bé mat cua vat
liéu dai dién duoc trinh bay trén hinh 3.
Puong ding nhiét hap/giai hap N, (hinh
3a) cua nano Zr-1%Ce phu hop véi duong
dang nhiét loai IV dién hinh, c6 vong tré
va c6 thé tao ra sy ngung tu mao quan,
cho phép hinh thanh da 16p. Khi xuét hién
hién tuong tré, diéu d6 cho thay vat liéu
bao gom céc hat hinh cau va cac 156 hinh
tru dugc phan b déu trén toan bé mau
[11]. Dién tich bé mat riéng cua cac vat
liéu Zr-1%Ce xac dinh duoc la 14,7617
m?/g. Su pha tap cac ion Ce* vao nén
ZrO, da lam thay ddi hinh thai va dién
tich bé mat vat liéu, do hinh thanh céc hat
tinh thé ZrO,:Ce, tao diéu kién thuan loi
cho quéa trinh hap phu céc chat hitu co,
tang cuong kha niang hap thu quang va
hang cao hi¢u qua quang xuc tac [6, 10,
11]. Buong kinh 16 x6p cua cac vat liéu
Zr-x%Ce nho vao khoang 5,8400 nm
(hinh 3b), véi thé tich 16 xbp la 0,1785
cm®/g (hinh 3c).

3.1.4. Phé tan sdc nang lwong tia X (EDS)

Quan sat phd EDS dang thanh phan
cua cac vat lieu Zr-0%Ce va Zr-3%Ce
(hinh 4a-4b) nhan thay rang, chi xuat hi¢n
cac dinh tan sic cuc dai va mot sé dinh
nho don 1¢ dic trung cho cac nguyén to
Zr, O va Ce v6i tong ham lugng l1a 100%,
khang dinh cac vat lieu Zr-x%Ce c6 do
tinh khiét cao. Phé EDS dang mapping
cua cac nano Zr-0%Ce va Zr-3%Ce (hinh
4c-4d) da xac nhan sy hién dién anh xa
tuong ¢ng, cho thay su phan b dong déu
cuia cac nguyén tb Zr, O va Ce trong tinh
thé nano cua cac vat liéu Zr-x%Ce. Céc
dang pho EDS da chiing minh hieu qua
bién tinh va pha tap thanh cong Ce™ vao
mang nén ZrO, bang phuong phap thuy
nhiét két hop hd trg rung siéu am, tao ra
cac vat lieu nano Zr-x%Ce c6 d6 dong
nhat tot va do tinh khiét cao. Tinh chat
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nay gay hiéu tng tich cuc dén cac dic
diém quang hoc va trién vong ung dung
cbng nghé cao cua cac nano Zr-x%Ce.

4. KET LUAN

D3 bién tinh thanh cong céc hat nano
ZrO, bang ion Ce*" theo phuong phap
thuy nhiét c6 hd tro rung siéu am. Céc
tinh thé nano Zr-x%Ce tbn tai hai pha
monoclinic va tetragonal cua ZrO; véi cd
duong kinh 20-30 nm, cac tinh thé nay két
tu hinh cau tao thanh hat kich thuéc 40-50
nm. Vit liéu thé hién cac nhom dao dong
Raman dic trung ciia mang nén ZrO,. Cac
nano Zr-x%Ce c6 do tinh khiét cao véi su
phan b dong déu caa Ce trong toan mang
nén ZrO,, véi dién tich bé mat kha cao,
duong kinh mao quan trung binh va nang
lwong ving cdm nho 2,812-3,062 eV. Véi
nhitng tinh chat ndi bat vé ciu truc pha
tinh thé, hinh thai bé mat, dién tich bé mat
riéng va tinh chat quang, mo ra dinh
hudng ang dung vat liéu nano Zr-x%Ce
trong cac linh vuc cong nghé cao nhu xuc
tdc oxy hoa - khir, quang xuc tac, khang
khuan, khang nam, quang hoc, pin nhién
liéu, tac nhan dién hoa va san xuat nhién
liéu mat troi.
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