ISSN: 1859-2171

e-1SSN: 2615-9562 TNU Journal of Science and Technology 225(06): 375 - 380

TONG HQP CAC NANO COMPOZIT Zr02/ZnO VA Zr0z/CuO PHA TAP Ce**
UNG DUNG TRONG XUC TAC QUANG HOA

Chu Manh Nhwong!", Pham Vin Huin? Nguyén Thi Minh Tam?, Ly Thi Van!, Bui Vin Ly?
Truong Dai hoc Su pham - DH Thai Nguyén,

2Vién Tién tién Khoa hoc va Cong nghé (AIST) - Pai hoc Bach khoa Ha Ngi,

3Tvwong THPT Phé Yén — Théi Nguyén

TOM TAT
O nhiém ngudn nude do cac chat mau hitu co tir cac nha may dang 1a van dé dang lo ngai. Cac
phuong phép xir Iy nhu: hap phu, keo tu, hay loc, thuong tiéu tén nang luong va gy ra 6 nhiém
thir cip. Phuong phap xiic tac quang hién nay dang duoc cac nha khoa hoc quan tdm. Dac biét la
xuc tac quang st dung nang lugng mit troi. Do day la ngudn ning luong sach va vo tan. Trong bai
bao nay chung t6i ché tao cic nano compozit ZrO,/ZnO va ZrO»/CuO pha tap ion Ce** bang
phuong phap thuy nhiét. Thir nghiém hoat tinh xic tac quang phén hiy xanh metylen (MB) du6i
anh sang mat troi mo phong. Két qua cho thdy hinh thai cua vat liéu nano compozit tong hop 14 cac
hat nano c¢6 dudng kinh 60-100 nm. Khi pha tap ion Ce** vat lidu ¢6 hiéu suit phan huy MB 1a
73,1% trong 180 phut, cao hon so v6i khong pha Ce** hiéu sudt chi 1a 44,1%. Cac phép phan tich
nhidu xa tia X (XRD), kinh hién vi dién tir quét (SEM), phd hdng ngoai (FT-IR) ciing da dugc
nghién ctru. Két qua nay cho thiy vat liéu nano compozit ZrO3/Zn0 va ZrO,/CuO pha tap ion Ce**
¢6 tiém nang Gng dung trong xtr Iy nudc va 6 nhiém mai trudng.
Tur khéa: quang xUc tac; ZrO; ZnO; CuO; nano compozit.
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ABSTRACT

Water pollution due to organic pigments from factories is a cause for concern. Treatment methods
such as adsorption, flocculation, or filtration, often consume energy and cause secondary pollution.
Photocatalytic methods are currently of interest to scientists. Especially photocatalysts use solar
energy. Because this is a clean, endless source of energy. In this paper, we synthesisized ZrO,/ZnO
and ZrO,/CuO composite nanoparticles doped with Ce* ions by hydrothermal method.
Photocatalytic activity of methylene blue (MB), under simulated sunlight was tested. The results
show that the morphology of synthetic composite nanomaterials is nanoparticles with diameter of
60-100 nm. When meterial was doped with Ce**, the perfomance degradation of MB is 73.1% in
180 minutes, higher than that of no doped Ce* ion with 44.1%. Analysis of X-ray diffraction
(XRD), scanning electron microscope (SEM), Fourier-transform infrared spectroscopy (FT-IR)
have also been studied. This result shows that the ZrO,/ZnO and ZrO,/CuO nanocomposites doped
with Ce** have potential applications in water treatment and environmental pollution.
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1. Giéi thiéu

Vat liéu nano la vat liéu mai ¢co nhiéu tiém
nang Ung dung trong quang dién tu, xuc tac, y
sinh,... Trong d6, vat liéu nano Ung dung
trong xuc tac dé xur Iy moi truong dang 1a chi
dé dugc nhiéu nha khoa hoc quan tim, nghién
ctru manh mé [1]. Céc vat liéu nano st dung
lam chét xtic tac quang hoa dwoc nghién ctru
som nhiat 1a cac oxit ban dan nhu TiO; [2],
ZnO [3], CuO [4].... goi la thé hé vat liéu
quang xuc tac thir nhit. Ching c6 wu diém dé
ché tao, nhung hiéu suat xtc tac chua cao vi
cac oxit nay co do rong ving cam 16n chi hap
thu cac birc xa UV. Piéu nay 1am han ché g
dung thuc té cua chung, khi st dung 4nh sang
mit troi 1am ngudn chiéu xa. Cac vat lidu thé
hé the hai dwgc phat trién 13 cic nano
compozit, gitta cac oxit kim loai vdi nhau,
hodc oxit kim loai v6i graphen, oxit kim loai
v6i cac cham lwong tir [5]. Cac vat lidu nay
con goi la cac vat li€u lai, ching c6 thé héip
thu nhiéu vung anh sang khac nhau tir ving
UV dén ving kha kién. Mic du da duoc cai
tién so v&i vat liéu thé hé thi nhét, nhung
hiéu sut phan huy va tdc d6 phan ing quang
héa cta vat liéu van chua cao. Hién nay,
nhiéu nha khoa hoc khong ngimg nd lyc tim
kiém céc loai vat liéu moi. Trong do, pha tap
cac ion kim loai chuyén tiép, hodc ion dét
hiém d3 mang lai nhiéu két qua kha quan, cai
thién hiéu suit quang xuc tic ciia cac oxit ban
dan [6].

Trong céc oxit sitr dung dé nghién ctru hoat
tinh quang xdc tac thi ZrO, 1la mot oxit ¢
nhiéu vu diém. ZrO, c¢6 d6 bén hoa hoc cao,
khong doc, than thién véi moi truong ZrO; O
nhiéu ng dung trong y sinh, ché tao cam
bién, ing dung trong quang dién tir [7]. Tuy
nhién, ZrO, c6 d6 rong ving cdm lén nén
hidu suat quang xuc tac thip khi chiéu séng
bang anh sang mat troi [8]. Mot loat cac oxit
duoc compozit véi ZrO, da dugc nghién cuu
dé cai thién hoat tinh quang xuc tac nhu CuO,
ZnO, TiO,. Nhom tac gia Renuka [9] va cong
su d3 bao cdo ché tao thanh cOng cac nano

compozit ZrOz/CuO bang phuong phép nd.
Vat liéu thu dugc c6 kha ndng phéat quang
mau xanh 14 cay va co6 hoat tinh quang xuc tac
dudi chiéu xa cta anh sang kha kién. Nhom
Gurushantha [10] nghién ctru vat liéu nano
compozit ZrO/ZnO c6 kha nang phan huy
xanh metylen ngay khi chiéu xa anh sang kha
kién voi hidu suat 97% sau 180 phut.

Cac ion kim loai dat hiém nhu Ce*, Ce*
duoc biét dén 1am ting hiéu sudt quang xic
tac clia cac oxit ban dan. Tuy nhién, cac bao
cho v& pha tap ion Ce* trong c&c nano
compozit ZrO,/CuO va ZrO»/ZnO chua dugc
day da va hé thdng. Trong bai bao nay, chling
t6i ché tao cac nano compozit ZrO2/CuO va
Zr02/Zn0, ddng thoi pha tap ion Ce*, sau d6
nghién clru hoat tinh quang xuc tac cua vat
liéu dudi sy chiéu sang cua anh sang mat troi
mé phong. Két qua di mé ra tiém ning ung
dung ctia vat li¢u trong xtic tdc quang hoa.

2. Phwong phap nghién ciru

2.1. Héa chiit va thiét bi

Hoéa chat: Tét ca héa chat ¢ d¢ tinh khiét
cao (hing Merck), dugc str dung dé tong hop
vat liéu: ZrCls (98,6%), Cu(NO3)2.3H20
(99%), Ce(SO4)2.4H,0 (99%), NaOH ran,
CHsOH 99,7%, xanh metylen (MB),
Zn(NO3)2.6H,0 (99%).

Dung cu, thiét bi: Binh thity nhiét, may khudy
tr gia nhiét va cac dung cu dung trong phan
tich dinh lugng.

Phuong phép tong hop vat lidu:

Cac mau ZrO./CuO, ZrO,/CuO:Ce*,
Zr0,/Zn0, Zr02/Zn0:Ce*" pha tap X % mol
Ce™ (x = 0 - 10 %) dugc tong hop bing
phuong phap thay nhiét [9], [10].

2.2. Phwong phdp phdn tich

Dé phan tich hinh thai va cdu trac cta cac hat
nano composit ZrO,/CuO, ZrO,/Zn0O, khi pha
tap va khong pha tap Ce*', chiing toi sir dung
céc thiét b sau:

CAu trac tinh thé, thanh phén pha duogc dic
trung boi nhidu xa tia X (XRD, D8 Advance,
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Bruker, Puc), dat tai Pai hoc Khoa hoc Tu
nhién, Pai hoc Quéc Gia Ha Noi. Kich thudc
va hinh dang cua vat li€u duoc xac dinh bé'mg
kinh hién vi dién tir truyén qua (JEOL, JEM
1010, JEOL Techniques, Tokyo, Japan) Vién
vé sinh dich t& TW va kinh hién vi dién tir
quét (SEM), Vién Tién tién Khoa hoc va
Cong ngh¢, PH Bach Khoa Ha Noi. Xac dinh
dién tich bé mat vat liéu qua phép do BET,
DH Bach Khoa. Dé khao sat lién két hoa hoc
ctia vat liéu, phd hap thu hong ngoai (FT-IR)
dugc ghi lai trong khoang s song tir 4000
cm?® dn 400 cm™ véi quang phd Perkin-
Elmer Spectrum BX sir dung vién KBr, PH
Bach Khoa Ha Noi.

Nghién ciru khd nang quang xic tdac

Khao sat sy phan hily MB theo thoi gian: Cho
10 mg ZrO,/CuO hodc ZrO,/CuO:Ce*,
Zr0,/Zn0, ZrO»/Zn0:Ce** vao binh chira 50
mL dung dich MB nong d6 5,01 mg/L. Khudy
trén may khiy tir, khong va c6 chiéu dén
xenon 30 W. Po d6 hép thu quang cia dung
dich & budc song tir 400-800 nm trong cac
khoang thoi gian khac nhau. Tir gia tri d6 hap
thu cuc dai va duong chuén tinh dugc gia tri
ndéng d6 MB twong tng. Hiéu suat phan huiy
MB dugc xac dinh bang cong thirc:

H%:ﬁ.mo

0
Trong d6: Co va C; la nong d6 cua MB ban
dau va sau cac khoang thoi gian xur 1y (ppm).
3. Két qua va ban luin
3.1. Hinh thdi va céu tric ciia vit liéu
3.1.1. Gian do nhiéu xa tia X
Dé kiém tra cdu tric va thanh phan pha cua
vat liéu ching t6i tién hanh do nhiu xa tia X.
Két qua & hinh 1 cho thiy, tit ca cac vat liéu
Zr0,/Cu0, ZrO,/CuO:Ce*, Zr0,/ZnO va
ZrO2/Zn0O:Ce* déu da két tinh va ton tai &
dang da pha.
Hinh 1a, 1b la gian dd nhiéu xa cta vat liéu
Zr0,/Zn0O va ZrO,/ZnO pha tap Ce*. Céc
dinh nhiéu xa quan sat thay déu ¢ vi tri gidng

nhau. Khi pha tap Ce*" khong thay xuét hién
pha mai.

Céc dinh quan sat duoc & goc 20 = ~17,2°,
24,2°,28,2° 31,5°, 38,5°, 45,3° va 60,1° ing
v6i mit phiang mang (100), (001), (1-11),
(111), (110), (112) va (302) la pha monoclinic
ZrO,. Theo thé chuan (JCPDS 37-1484) [11].
Céc dinh quan sat duoc & goc 20 = ~31,7°,
34,3°, 36,2°, 47,4°, 56,5°, 62,7° duoc cho la
cac mat phan xa (100), (002), (101), (102),
(110), va (103) cua pha luc giac ZnO thé
chuan (JCPDS 036-1451) [12].

« Zr0), monoclinic

& /n0) hexagonal
o 21O, tetragonal
* CuO monochnic

"
. 1 -
A L‘kJ)‘J'»_-"-.aJ'MJ.:

Cudmg d0 (dv.Ly)

[
_(_C_)—._AJI‘L\«/.‘{_{L___N'\.AM,\X.J‘L
(e} o ) W W | - i
10 3'(1 2'0 JIU S'u (\rl) il

2 theta (do)
Hinh 1. Gidn dé nhiéu xa tia X mau:
(@) ZrO,/Zn0, (b) ZrO2/ZnO:Ce**, (c) ZrO,/CuO,
(d) ZrO,/CuO:Ce**
O hinh 1c, 1d 1a gian d6 nhidu xa cua vt lidu
Zr0,/CuO va ZrO/CuO pha tap Ce*'. Pha
ZrO; luc nay dugc tao thanh 1a pha tetragonal
va pha monoclinic ciia CuO. Ngoai ra khong
thdy xuat hién pha méi khi pha tap Ce*.
Céc dinh nhiéu xa quan sat dugc & cac goc 20
=~ 30,2°, 35,4°, 50,3° va 60,2°, ung vdi cac
mit phang mang (011), (200), (112) va (121)
la chu trac cia pha tetragonal cia tinh thé
ZrO; (thé chudn JCPDS 50-1089) [13].
Cac dinh nhiéu xa quan sat dugc & cac goc 20
= ~35,4°, 36,3°, 38,7°, 42,2°, 48,5°, 53,8°,
58,2°, 61,4°, 66,0°, va 68,1° v4i cac mat
(110), (-111), (111), (200), (02), (020), (202),
(110) va (220) 1a mat tinh thé CuO twong tmg
(thé chuan JCPDS 48-1548) [14].
3.1.2. Anh hién vi dién tir quét
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Cic miu duoc ché tao bang phwong phap
thuy nhiét, sau khi loc rira dugc U nhiét &
600°C trong 2 gid. D& ngudi ty nhién ¢ nhiét
d6 phong va tién hanh phan tich vi hinh thai
bang kinh hién vi dién tir quét (SEM). Két
qua trén hinh 2 cho thdy cdc mau compozit
ché tao dugc déu 6 kich thudc hat dusi 100
nm. Két qua anh SEM ctia mau ZrO,/Zn0O va
ZrO,/Zn0:Ce** trén hinh 2a, 2b cho thay, khi
pha tap Ce** khong anh huéng nhiéu dén hinh
thai va kich thudc cua vét liéu. Anh SEM cua
vat liéu ZrO,/CuO va ZrO,/CuO:Ce* trén
hinh 2c, 2d cho thdy, vat liéu ZrO,/CuO cé
kich thudc hat khong ddng nhét, duong kinh
hat dao dong tir 60 - 100 nm, con vét li¢u
Zr0,/Cu0:Ce** c6 dang cac hat nano phan bd
tuong d6i dong déu voi duong kinh vao
khoang 60 nm.

200 nm

200 nm 200 nm
Hinh 2. Anh hién vi dién tir quét (SEM) ciia mau:
(@) ZrO,/Zn0, (b) ZrO2/Zn0:Ce**, (c) ZrO,/CuO,

(d) ZrO,/CuO:Ce**
Két qua anh SEM cho thdy, phwong phap
thity nhiét 1a phuong phap don gian, co thé
ché tao duoc cac vat liéu nano compozit. Pic
biét 14 mau ZrO,/CuO:Ce** c6 kich thudc
tuong d6i dong nhat. Pay la diéu kién can
thiét cho cac vat liéu xtc tac, can c6 dién tich

bé mit 16n [15].

3.1.3. Dién tich bé mdt theo BET

Dé nghién ciru dién tich bé mit, kich thudc

mao quan, thé tich mao quéan, ching t6i tién

hanh phan tich vat li¢u theo phuong phap
BET (Brunauer-Emmett-Teller).
Bang 1. Cdc thong sé BET ciia cdc mau nano
compozit: (a) ZrO,/Zn0, (b) ZrO,/Zn0:Ce**, (c)
Zr0,/Cu0, (d) ZrO,/Cu0:Ce**

Méiu Area Pore with Pore volume
surface (nm) (cm¥gamA)
(m*g)
@ 7,01 62,25 0,1974
(b) 12,21 89,02 0,2026
(c) 15,02 37,29 0,1633
(d) 15,59 43,15 0,1621

Pore with: Kich thudc mao quan; Area surface:
dién tich bé mat, Pore volume: thé tich mao quan.
10

0.9 —a—/10,/7n0
< 08 —a— 210/ 700O:Ce
E 07] —a— 210 /Cu0)
2 —— L0 CutnCe
2 064 :
= 4
_-3 0.5 4
-
) 044
5 |
2034
=
% 024
5 0.1
> J
= 0104

0 20 40 60 80 100 120 140 160 180
Pore Width (nm)
Hinh 3. Kich thuéc mao qudn ciia mau: (a)
Zr02/Zn0, (b) ZrO2/Zn0:Ce**, (c) ZrO2/CuO, (d)
ZrO,/Cu0:Ce** theo phwong phap BET

r~ A/ - AM‘V‘"
e N o

UJ

f
* 1712cm

1586 cmy”

308 cm

PO truyén qua (dov.by)

776 ¢m”
672 cm’’
609 ¢m”

500 1000 1500 2000 2500 3000 3500 4000

86 song (cm’)

Hinh 4. Phd FT-IR ciia méu: (a) ZrO./CuO, (b)
Zr0,/Cu0:Ce**, (c) ZrOx/Zn0, (d) ZrO/ZnO:Ce**
Két qua bang 1 cho thdy, mic du vat liéu
nano compozit ché tao bing phuong phap
thity nhiét c6 kich thuéc hat tuong ddi nho
(60 — 100 nm) nhu phan tich & anh SEM. Tuy
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nhién dién tich bé mit van khong cao. Dién
tich bé mat 16n nhat do1 véi vat ‘ liéu
ZrO,/CuO:Ce** la 15,59 m?%g. C6 thé do
trong qua trinh xir Iy nhiét cac hat nano két tu
lai v&i nhau [am gidm dién tich bé mat.

3.1.4. Phé hong ngoqi bién doi Fouirier

Pé tim hiéu vé cac lién két trong vat liéu nano
compozit da ché tao duoc, chung t6i tién hanh
phan tich pho hong ngoai (FT-IR).

Két qua hinh 4 cho théy cac vat lidu déu co
dinh hap thu dic trung & 3108 cm™ day la
dinh hap thu cuia nhém -OH cua nuéc. Pinh
hap thy 1712 cm™ va 1586 cm™ 1a dao dong cua
nhém Zr-O-H. Ngoai ra dbi véi vat liéu
ZrQ,/CuO va ZrO,/CuO:Ce* ¢6 dinh hap thu
609 cm day dugc cho 1a dinh hap thu cta lién
két Cu-O [16]. Con voi vt liéu ZrO2/ZnO:Ce**
¢ dinh hap thu & 672 cm™ dugce cho 1a dinh hap
thu cta lién két Zn-O [17].

3.2. Tinh chit quang xiic tdc ciia vit liéu
3.2.1.Tinh chat quang xiic tac

Trude tién chung t6i xay dung duong chuin
xac dinh MB. Do d6 hap thu quang (A) cua
day dung dich MB nong d6 tir 0-9 ppm, tai
budc song 663 nm, dugc chi ra & bang 2.

Bang 2. Gid tri do hdp thu quang A cia cdc dung
dich MB

Tir két qua & bang 2, chung toi xay dung dugc
phuong trinh dudng chuan xac dinh nong do
MB cé dang: y = 0,1502.x + 0,0201, véi do
hdi qui R? = 0,999. Bo hap thu quang cia MB
la tuyén tinh trong khoang nong do tir 0 dén 9
ppm. Chung t6i st dung phuong trinh duong
chuan trén dé tinh néng d6 MB trong céc
phép xir Iy MB bang vat liéu ZrO/CuO,
Zr0,/Cu0:Ce*, Zr0,/Zn0O va
Zr0,/Zn0O:Ce*',

Két qua xir Iy xanh metylen & hinh 5 cho
thdy, tit ca cac miu nano compozit khi pha
tap v6i Ce** déu cho hiéu qua phan hity xanh
metylen cao hon so voi khong pha tap.

Bang 3. Hiéu sudt phan hiy dung dich MB theo
thoi gian ciia vat liéu ZrO2/Zn0O:Ce**

t(phdt) 30 60 90 120 150 180

H(%) 147 354 445 515 592 731

Cppm) O 1 3 5 7 9

Abs 0O 019 046 0,79 105 137

C(ppm): Nong d¢ ciia MB; Abs: B$ hdp thu quan
1.1 :

1.0 3

0.9

>

0.8

LS5 O3

0.64 s ZrO0./Cu) . M .

“r

e ) /Cul) e
044 & 2rO0/Zn0)

034 v Ar) o0 Ce

f—r—y—t | e '
0 il Hi 90 120 150 180

Tho gran(phiit)

Hinh 5: Hoat tinh quang xiic tic ciia mdu: (a)
Zr0,/Cu0, (b) ZrO2/CuO:Ce**, (c) ZrO2/Zn0, (d)
Zr02/Zn0O:Ce** phén hiy xanh metylen dudi chiéu

sdang den Xenon 30 W

t: thoi gian chiéu sang; H: hiéu sudt phin hiyy MB
Trong cac vat li€éu nano compozit thi vat liéu
Zr0,/Zn0O:Ce* c¢6 hiéu suit phan hity xanh
metylen t6t nhat. Sau khi chiéu sang 180 phut
MB bi phan huy 73,1%.

3.2.2. Co ché quang xiic tdc

Chung t6i xin dua ra co ché quang xtic tac
dién hinh cho vat liéu nano compozit
Zr0,/Zn0:Ce*" nhu sau:

Zr0,/Zn0:Ce** + hv—ZrO, (h*) + ZnO (&)

Zn0O (&) +O2* — Oz~

h* + OH  —20H~

OHe + Thudc nhudm hitu co — CO; + H.0

Oz¢ + Thude nhudm hitu co — CO2+ Hz0
Céc electron dugc tao ra s€ phan Gng voi oxi
trong khi quyén va sinh ra gbc superoxide
(O2+). Céc 15 trong trong dai hoa tri s& phan
Gmg v&i cac phan tir nude dé tao ra gdc
hydroxyl (OH#). Sy hinh thanh cac gdc nay s&
rat hiru ich dé tranh téi t6 hop cap electron -
16 trong mot cach hiéu qua va ting cuong
hoat ddng xuc tac quang.
4. Két luan

Di ché tao thanh cdng cic nano compozit
Zr0,/Zn0, ZrO,/ZnO pha tap Ce**, ZrO,/CuO
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va ZrO,/CuO pha tap Ce*. Ca&c nano
compozit tao thanh 1a cac hat nano c6 duong
kinh tir 60 - 100 nm. Vat li¢u ché tao dugc c6
hoat tinh quang xtic tac ngay khi dugc chiéu
sang dudi anh sang kha kién. Pat hiéu suat
phan huy 73,1%. Phan tich qua trinh phan hay
xanh metylen cho thdy khi pha tap ion Ce**
lam tang hiéu sudt quang xic tac cla cac vat
liéu nano compozit. Két qua budc dau cho
thdy cac vat liéu co tiém ning tmg dung trong
xtr Iy nude thai va 6 nhiém moi truong. Mic
du thoi gian phan huy xanh metylen con dai,
cling nhu téc d6 phan huy con cham. Nguyén
nhan duoc cho 13, do dién tich bé mat vat liéu
ché tao duoc con thip, ciing nhu coéng suit
dén chiéu sang chua cao.
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