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ABSTRACT

A series of TiO,-ZrO, binary oxide samples with various TiO,-ZrO;
content (90-10, 80-20, 70-30, 60-40, 50-50 mol %) were prepared by
the co-precipitation method. The obtained samples were characterized
by XRD, SEM, EDX, UV-vis, IR spectroscopy and BET. XRD data identified
the anatase phase of the TiO, and tetragonal, monoclinic phases of
ZrO; in all obtained samples. The average crystallite size of the samples
was between 16 to 21 nm. As UV-Vis spectra, the band gaps of TiO;-
ZrO, composites vary from 2,5 eV to 3,1 eV. The photocatalytic
reactions confirmed that the nanocomposite sample showed higher
photocatalytic activity than the pure oxides samples for the degradation
of phenol and methylene blue (MB) under 100 W incandescent lamp.
Among the prepared samples, the best sample for photocatalytic
degration of MB is the BKT9-1 which contains 90% TiO, and 10% ZrO;
with a percentage 95% after 180 minutes. The BKT8-2 which contains
80% TiO2 and 20% ZrO, shows the best phenol removal efficiency of
97% after 30 minutes. This indicates that the materials are capable of
treating MB and phenol in wastewater.

Gidi thiéu chung

do nang lugng ving cdm I8n (3,2 eV ddi vdi pha
anatase va 3,02 eV déi vd&i pha rutile) nén chi hoat

Hién nay viéc nghién clu tim kiém cac phuong phép
X ly chat hitu cg déc hai, & nhiém nhu phenol,
benzene, hodc cac phdm nhuém nhu xanh methylene
dang dugc nhiéu nha khoa hoc quan tdm. Quang xdc
tac la mét phuong phap dugc chd y nghién clu cho
qué trinh oxi héa phan hiy cac chét hitu co doc hai 6
nhiém. TiO, 1& mét trong nhitng xUc tac quang dugc
st dung réng rai véi hoat tinh xuc tac tuong déi cao,
6n dinh, chi phi thdp va khéng doc hai [1- 4], Tuy
nhién, kha nang xic tac quang cla TiO; bj han ché

déng trong vung tu ngoai [1]. D€ khac phuc nhuagc
diém vé gidi han budc séng hdp thy, cac nguyén té
kim loai, phi kim (Ni, W, V, Co, N ...) da dugc pha
tap vao mang nén TiO; [5-7].

Gan day, mot s& nghién cltu cho thdy hé oxit hdn hop
TiO,-ZrO; ¢ kich thudc nanomet cho khd nang xuc
tac t6t hon so vdi tung oxit riéng 1é [1-4]. ZrO; la xic
tac axit va 1a chat ban dan loai n [3,4]. Do do TiO, va
ZrO; c6 khd nang h& trg nhau vé tinh axit — baza va
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gidm nang lugng ving cdm khi tao thanh hé ghép. Tuy
thudc vao diéu kién téng hap, hé vat liéu nay c6 dac
diém bé mat thay déi so vdi cac oxit riéng lé ban dau
do su hinh thanh cac vi tri mdi tai bé mat chuyén tiép
clia cac oxit. Sy xudt hién cac vj tri nay lam tang tinh
6n dinh cta pha tinh thé c6 hoat tinh quang xdc tac
[4].

Trong bai bdo nay, ching toi trinh bay két qua tdng
hop vat liéu nanocomposite TiO,-ZrO, bang phuong
phap doéng két tda. Bdng thai nghién clu kha nang
xUc tac quang cho phan Ung phan huy phenol va xanh
metylen dudi anh sang den sgi dét 100 W.

Thyc nghiém va phuang phap nghién ctiu
T6ng hop vt liéu va ddc trung xuc tdc

Cac vat liéu nanocomposit TiO,-ZrO, dugc téng hop
bang phuong phéap dong két tia [8] tur ZrOCk.8H,0O
va TiCls trong dung mdi propanol, pH=8+9, sau do
dugc nung & 450°C trong 4 gid. Ti Ié mol gitta TiO,-
ZrO; trong cac mau la 90-10, 80-20, 70-30, 60-40, 50-
50 (tuong Ung véi ky hiéu mau DKT9-1, DKT8-2, DKT7-
3, DKT6-4, DKT5-5). Quy trinh t8ng hop vat liéu dugc
trinh bay dudi hinh 1.

xa nang lugng EDX dugc do tai vién K§ thuat nhiét ddi,
vién Khoa hoc va Céng nghé Viét Nam; phd hép thu
UV-Vis va phé héng ngoai (IR) dugc do tai khoa Vat ly,
dién tich bé mat (BET) dugc do tai khoa Hda hoc
trudng Pai hoc Su pham Ha Noi.

Hoat tinh xdc tdc caa vat liéu TiO»>ZrO, trong phdn
Ung phdn hady phenol va xanh metylen

Vat liéu TiO,-ZrO; sau khi t8ng hgp dugc nghién clu
khd nang xuc tac cho phan Ung phan hiy phenol va
xanh metylen dudi dnh sang den sgi dét 100 W. Déi vdi
phdn Ung phén hiy phenol 100mg vat liéu
nanocomposit TiO,-ZrO, dugc khudy trén vdéi 100mL
phenol néng dé 10* M. Béi véi phan Ung phan huy
xanh metylen 50 mg vat liéu nanocomposit TiO,-ZrO;
dugc khudy trén véi 100 mL MB ndng do 3.10° M.
Trong 30 phut dau, hdn hop dugc dat trong bong toi
dé can bang hap phu, sau do dugc chiéu den sgi dét
100 W trong 6 gid. Sau nhiing khodng thdi gian xac
dinh, mot lugng hdn hap mau dugc 18y ra, loc va phan
tich thanh phan.

ZrQCly, 8H:0 Propancl
Khuay
Khudy 30° 4 TiCl/propanol
Y
Dung dich dong nhét

Chinh pH=8-9
Khudy trong 3h

Y

Dung dich hén hap hidroxit

Locrfa
Sdykho &8

Y

0°C/3h

Nung 450°C/4h

San pham

C4u truc va tinh chat cla vat liéu dugc xac dinh bang
cac phuong phép: nhiéu xa tia X (XRD) va kinh hién vi
dién t&r quét (SEM) dugc do tai vién Vat liéu, phd tan
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Ham lugng phenol con lai dugc xac dinh dua trén dién
tich pic phenol ghi nhan trén may sc ki l1dng hiéu
nang cao (HPLC) tai khoa Héa hoc - PHSPHN. HPLC
st dung c6t ODS C18 va detector hdp thu td ngoai,
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dung méi la hdn hap 40% Methanol — 60% H3PO4 vé
thé tich, budc séng sit dung cho detector la 275 nm,
thgi gian ghi nhan tin hiéu pic la 5 phdt. Ham lugng
MB con lai dugc xéc dinh dua trén dé hap thu cla MB
tai budc song 665nm trén may UV-Vis tai khoa Hoa
hoc — DHSPHN.

Két qua va thao luan
Ddc trung xuc tdc

Cac mau vat liéu nanocomposit TiO>-ZrO, dudc téng
hgp vdi ti Ié mol tuang Ung 90-10, 80-20, 70-30, 60-
40, 50-50 (%), cac san pham thu dugc déu c6 dang
bét min va mau trang. Hinh 2 trinh bay gidn do XRD
(2.a), phS UV-Vis (2.b) clia cac mau TiO,, ZrO, va mau
nanocomposit TiO,-ZrO, theo cac ti 1é.

1400 4 A= anatase
M= monoclinic
1200 4 . T= tetragonal
AW T T zro
1000 e X k 2
S DKT5-5
S 8004 |
= i DKT6-4
é 600 “ DKT7-3
£
400 * DKT8-2
200 DKT9-1
ol A A A AA A Tiog
20 30 40 50 60 70
20 (degree)
(2.a)
0.7
0.6
—~ 0.5 PKT9-1
>'o
= PKT7-3
< 0.4
= DKT8-2
£ oa] [ o2 |
.,%
£ 9] . DKT6-4
8' TiOz
0.1 Zr Oz
0.0 7 y - = e
400 500 600 700 800

Budc song (nm)
(2.b)

Hinh 2: Gian dé XRD (2.a), ph& UV-Vis clia cac mau
TiO,, ZrOz va mau nanocomposit TiO2-ZrO, theo cac ti
& (2.b)

Gidn dd XRD cho thdy cac mau nanocomposit TiOx-
Zr0, c6 cac dinh nhiéu xa tuong Ung vdéi cac goc
24,5° 28,2°, 31,5° 353°% 40,7°, 44,8° ;50,5° 50,9%
62,9° cla vat liéu ZrO, pha monoclinic va co sy xudt

hién thém cac dinh nhiéu xa cla pha tetragonal cla
vat lieu ZrO; tai cac vi tri 30,27°; 34,79°; 60,2°. Bong
thai co mat cac dinh nhiéu xa tai cac vi trf 25,3°% 37,8%
48,1°; 53,9°%; 55,1° 62,7° clia vat liéu TiO, pha anatase.
Giadn do XRD cho thdy, khi tdng ham lugng % ZrO; thi
cac dinh nhiéu xa cia pha monodlinic va pha
tetragonal clia ZrO; xuét hién rd rét véi cuong dé ngay
cang tang, diéu nay cho thady su két hgp Zr vao bén
trong mang tinh thé TiO,. Khi Zr dugc thém vao tinh
thé TiO,, ngoai pha anatase con cé sy xuét hién cua
cac pic ddc trung cta ca TiO; va ZrO,. Kich thudc tinh
thé trung binh cla cac mau, tinh theo cong thic
Scherrer

i 0,89.1
B.cosd

Trong dé 7 la kich thudc tinh thé trung binh cla vat
liéu t6ng hop dugc (nm), A la budc séng kq cla anot
(A), B 1a @6 ban md réng vach pic dac trung (radian), 0
la gbc nhiéu xa bragg Ung vdi pic cuc dai (d6). Két qua
dugc trinh bay & bang 1.

Bang 1: K&t qua tinh kich thudc tinh thé va nang lugng
vling cdm clia cac mau

Mau KTTT trung binh | Nang lugng vung
(nm) cdm Eg (eV)

TiO 20 313

ZrO; 21,2 4,55
DKT9-1 20 3.1
PKT8-2 21,6 3,07
BKT7-3 19,1 3,06
PKT6-4 16,9 2,5
DKT5-5 18,2 -

K&t qua do UV-Vis clia cac mau vat liéu cho théy cé su
dich chuyén dich b hdp thu vé ving anh séng kha
kién. Nang lugng viing cdm dugc tinh theo cong thic
Kubelka = Munk: (hv.a) = A(hv - Eg)"?. Trong dé, h la
hang s Plank, v la tdn s6 &nh sang, o la hé sé hap
thu, Eq la bé rong dai cdm, A la hé sé ti lé. Két qua tinh
Fy dugc trinh bay & bang 1. Két qua cho thay cac mau
oxit hén hgp TiO, — ZrO, ¢ nang lugng ving cdm
giam con khoang 3,1+2,5 (eV). Su dich chuyén su hap
thu buc xa vé vung kha kién va gidm nang lugng vung
cam la yéu t6 t6t, lam tang hoat tinh xuc tac quang
clia cdc mau vat liéu.
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Két qua do EDX clia mau DKT7-3 (Hinh 3.a) cho thdy ti
lé nguyén tr Ti: Zr la 20,56 : 575 = 3,6 : 1 (tudng
duong 78%-22%) kha phu hgp vdi lugng tinh toan ly
thuyét ban déau. K&t qua nay cho théy cac nguyén t& Ti
va Zr d& di vao cau tric tinh thé clia hé oxit hdn hop
TiOz - ZI‘Oz.

Phé hap thu hdng ngoai clia mau DKT9-1 (Hinh 3.b) cho
thay, xuat hién van hap thu & 3406 cm™ va 1627 cm™ dac
trung cho dao déng hda tri clia cac nhdm OH bé mat va
6 lién két hydro gitta chiing [4]. Van hép thu tai vi tri 671
cm™ dugc quy két cho dao dong hoa tri cla lién két Ti-
O. Van hép thu dac trung cho dao déng hoa tri cla lién
két Zr-O trong ZrO; tinh khiét 13 430 cm™. Trong méau
vat liéu DKT9-1 van hép thu dac trung cho lién két nay
xuat hién tai 532 cm™, dich chuyén & gitta van hap thy
dac trung cho TiO; tinh khiét va ZrO; tinh khiét cho thay
da co mét phan lién két Ti-O-Zr trong vat liéu. Két hap
véi két qua XRD, EDX cho thdy da c6 sy tao thanh vat
liéu composit TiO,-ZrO,.

2400

001 [0, 10] keV

2100f--nmnmedeennnes Loeenand :

.............................................

1800 -+eseeedemnunnachonanansd foeaeens

Counts

...................................................................

(3.9)
15+
Abs { DRETiOMzO:90-10 -
b : i
125 ] P
] | B /J\
075
05
] i ;
] E :
0.257 - ;
. .y —
1. “,,_ — _\//r ER Vo
0- :
R R A R A R R R AR R
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
1/em
(3.b)

Hinh 3: PhS EDX clia mau DKT7-3 (3.a) va phS IR cla
mau DKT9-1 (3.b)
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3/15/2016
WD 5.7mm 14:45:08

— 100nm AIST

X 100,000 5.0kV SEI SEM

Hinh 4: Anh SEM cdla mau DKT9-1

Anh SEM mau DKT9-1 (Hinh 4) cho thay céc hat phan
bé dong déu, khdng bi két dam, phan tach riéng ré, ré
nét vdi kich thudc hat khodng 30 nm. Két qua do BET
mau DKT6-4 cho thdy, vat liéu co gia tri dién tich bé
mat riéng trung binh vdi o = 6,26 m?/g.

Hoat tinh xdc tdc caa vat lidu
Phadn ting quang xuc tdc phdn hady phenol

Vat liéu ghép TiO»-ZrO; va&i ham lugng khéac nhau da
dugc thi khd nang xuc tac quang cho phan Ung phan
hdy phenol dudi dnh séng dén sgi dét. Ham lugng
phenol con lai trong dung dich dugc xac dinh bang
phuong phép HPLC. Khi dugc chiéu séang, dudi tac
dung clia chét xtc tac TiO.-ZrO, phenol da bi phan
hdy mot phéan thanh axit muconic va cudi cung bj oxi
hda hoan toan thanh CO; va H,O [10] (Hinh 6)

ull
Detector A:2750m

15

504

25 ) ) Phenol
: Axit muconic

IH

00 10 20 30 40 50 6. min

Hinh 6: Sac ki d& phan Ung phan hiy phenol bang
méau DKT8-2 sau 90 phut chiéu sang

Két qua xUc tac quang phan hiy phenol cia mau TiO»,
DKT9-1, BKT8-2 (Hinh 7) cho thay vat liéu BKT9-1 va
DKT8-2 c6 kha nang phan huy phenol t6t hon nhiéu so
v&i mau TiO,, sau 240 phdt phenol da bi phan hay
hoan toan. Mau BKT8-2 c6 kha nang xdc tac quang tét



Vietnam Journal of Catalysis and Adsorption, 9 —issue 3 (2020) 101-106

nhat, sau 90 phut chiéu sdng ham lugng phenol giam
con 3,02%.

120
—=—Ti02
= 100
£ 80 ——DKTO-1
(&)
T 60
5 —0— DKT8-2
= 40
(=1
R 20
0
0 100 200 300 400

Thaoi gian (phat)

Hinh 7: Ham lugng phenol con lai theo thdi gian

Phdn (g quang xuc tdc phdn hidy xanh metylen

Vat lieu ghép TiO,-ZrO; vdéi ham lugng khac nhau da
dugc thr khd nang xuc tac quang cho phan Ung phan
hdy xanh metylen dudi &nh sang den sgi dét. Ham
lugng MB con lai trong dung dich dugc xac dinh bang
phdé UV-Vis (hinh 8). K&t quéa dugc trinh bay dudi hinh 9

.8 ——MB|

0.4 4

0.2

Do hap thu (d.v.t.y.)

0.0

Budce song (nm)

Hinh 8: Phé hép thu UV-Vis clia xanh metylen tai thdi
diém ban déu t=0

120

‘—;' 100 —B—DKT91
.0

o 80 —&—DKT7-3
2 60

2 10 —4— DKT5-5
£

= 20

=

g o0

=S 0 50 100 150 200

Thovi gian (phut)

Hinh 9: Ham lugng MB con lai theo thdi gian

Hinh 9 cho thdy, hadu hét cac mau vat liéu nano
composit TiO,-ZrO, déu cd khd nang xtc tac quang
tét cho phan Ung phan hiy xanh metylen véi hiéu suét
phan hly > 90%. Mau DKT9-1 c6 kha nang xuc tac tét
nhat, sau 180 phut chiéu sdng lugng xanh metylen bi
phan huy la trén 95%, cao hon so vai két qua cong bd
trong tai liéu [4, 5]. Theo [7], sau 4 gi§ chiéu séng ham
lugng MB con lai khi s&r dung xuc tac TiO; va ZrO; tinh
khiét déu khoang 89%. Do vay cac mau vat liéu nano
composit TiO,-ZrO, déu co khad nang xuc tac quang
t6t han so vdi cac vat liéu oxit riéng lé.

Nhu vay ZrO; va TiO; tao ra moét hé ghép mdi TiO,-
ZrO; lam nang cao tinh chat quang xUc tac cla vat
liéu. Diéu nay co thé dugc gidi thich do: (i) cac hat
ZrO, dugc phén tan vao TiO, da Uic ché qué trinh téi té
hop 15 tréng va electron ty do, (i) ZrO, cd nang lugng
ving cam cao, khi tao thanh hé ghép vaéi TiO; tai ving
ranh gidi sé c6 nang lugng ving cdm nho (hinh 10)
trong trudng hgp nay cac dién tif tu do cla ca ZrO; va
TiO, déu bi gidgi han trong vung nang lugng cla TiO..
Mat khac qué trinh téng hop da tao ra lién két Ti-O-Zr
cling lam tang hoat tinh xdc tac [3,4].

CB. — Trang thai
bay bé mat

i I E;=4.6 eV
B |Eg=3.1eV :
a
s

V.B.

V.B
TiO: Zr0:

Hinh 10: Gian d6 mdc nang lugng clia qué trinh
chuyén electron gitta TiO, va ZrO- trong vat liéu ghép
TiO,-2rO;

Két luan

TU ZrOCL.8H,0 va TiCls trong dung mdi propanal,
bang phuong phap dong két tia da téng hop dugc
vat liéu nano composit  TiO,-ZrO, vd&i cac ti 1é mol
tuong Ung vé thanh phan TiO,-ZrO,: 90-10, 80-20, 70-
30, 60-40, 50-50. Vat liéu thu dugc co 3 pha anasta,
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monoclinic, tetragonal, hat dang hinh cau, kich thudc
16+21 nm.

- Vat liéu t6ng hop dugc co kha ndng xuc tac cho
phan Ung phan hdy phenol va xanh metylen dudi 4nh
sang den sgi dét 100 W (A = 450-750 nm). Trong d6 2
vat liéu co hoat tinh xUc tac tét la BDKT8-2 (phan hay
97% phenol sau 30 phut) va BKT9-1 (phan huy 95%
MB trong 180 phut). Két qua nghién clu cho thay vat
liéu nanocomposit TiO»-ZrO, téng hap dugc ¢ kha
nang xU ly cac chat hitu cg déc hai gay & nhiém moi
trudng nudc.
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