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ABSTRACT

The ZnO-ZrO; nanocompsite materials in the molar ratio (1:0; 1:1; 1:2;
2:1; 3:4; 4:3; 0:1) were prepared by a two-stage precipitation method
with ultrasonic vibrations. The obtained ZnO-ZrO, materials were
characterized by XRD, SEM, UV-vis. XRD data identified phase of the
ZnO and phase of ZrO; in all obtained samples. The average crystallite
size of the samples was between 18 to 30 nm. As UV-Vis spectra, the
band gap of ZnO-ZrO; composite (ZZ34R) is 3,06eV. The photocatalytic
reactions confirmed that the nanocomposite sample showed higher
photocatalytic activity than the pure oxides samples for the degradation
phenol under 100W incandescent lamp. Among the prepared samples,
the best sample for photocatalytic degration of phenol is the ZZ34R
which the molar ratio ZnO:ZrO,; = 3:4 with 23% remaining phenol
content after 300 minutes. The photodegradation phenol of sample
with ultrasonic vibrations is higher than the sample without ultrasonic
vibrations. This indicates that the materials are capable of treating
phenol in wastewater.

Gidi thiéu chung

két hop ZrO; vai cac oxit kim loai co su khac biét vé
gidi han vung nang lugng. Vat liéu nanocomposit dugc

ZrO; la oxit axit dang dugc quan tdm chd y nhd Ung
dung trong céac phan Ung xuc tac quang di thé khac
nhau. Tuy nhién, ZrO, ciing la mét chat ban dan loai n
vdi nang lugng vung cam Eg 16n tr 5,0 — 5,5eV. Do do
dé tao ra cac cap electron — 16 tréng ZrO. can dugc
kich thich bang tia UV-C c6 budc song A < 280 nm. Dé
khac phuc nhugc diém nay, mét s6 nghién cltu da pha
tap ZrO, vdi cac kim loai chuyén tiép khac nhau hoac

tao bai 2 oxit dang dugc thu hat trong nhiéu nghién
clu khac nhau do tao ra vat liéu mdi v&i déc diém hda
ly cai thién han so vdi cac oxit tinh khiét ban dau, tao
ra muic nang lugng khuyét tat trong vung cdm, lam
thay d6i dac tinh bé mat clia cac oxit riéng 1é do tao
thanh cac vi tri mdi tai bé mat chuyén tiép clia cac oxit
tinh khiét va doéng thai lam 6n dinh pha tinh thé c6
hoat tinh quang xuc tac [1,2,3]
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Mot 6 oxit ban dan da dugc nghién clu két hop vai
ZrO nhu SiOy, TiO,, ZnO, WOs, NiO dé lam ting hoat
tinh xUc tac quang cta ZrO,. Cung vdi TiOz, ZnO la
chét ban dan loai n dugc nghién citu nhiéu nhat do gia
thanh ré, dé téng hap, dai réng ving cdm hep hon va
€6 kha nang xtc tac quang phan hdy mét sé chat hitu
cd 6 nhiém thanh san phdm it déc hai hon. D6 réng
vung cdm cla ZnO~ 3,37 eV va nang lugng lién két
khodng 60 meV. [1,2,3]

Gan day, vat liéu nanocomposite ZnO-ZrO, dang dugc
chd y nghién cltu nhiéu do hoat tinh xic tac quang
phan huy chét hitu cg 6 nhiém t6t hon cac hé oxit
rieng ré. Su két hgp gitta ZnO va ZrO, da tao ra vat
liéu mdi lam thay déi cdu tric, tinh chat so vdi cac oxit
rieng 1é ban d&u do su hinh thanh céc vi tri mdi tai bé
mat chuyén tiép cla cac oxit. Sy xuét hién cac vj tri nay
lam tang tinh &n dinh clda pha tinh thé c6 hoat tinh
quang xuc tac. Khi bj kich thich, electron cta cé hai
chat ban dan ZnO va ZrO, déu bi chuyén dén ving
dan thdp ciia mét chat ban dan, trong khi cac 16 tréng
di chuyén dén ving hoa tri. Diéu nay lam gidm téc do
tai hop cac cap electron-16 tréng va co thé xay ra vdi
nang luong thdp han Eg clia mét trong 2 oxit.

Mahwish Bashir va cac cong su da téng hgp vét liéu
nanocomposit ZnO-ZrO, bang phuong phép sol-gel
vdi ti 1& ZnO thay déi t&r 1%-5% trong moi trudng axit
pH = 2 va bazg pH = 9. Ké qué cho thdy su anh
hudng clia pH dén kich thudc va pha tinh thé cua vat
liéu, su pha tap ZnO lam gidm nédng lugng ving cam
cla ZrO; khi khéng pha tap [4]

Theo tai liéu [3], Shokufeh Aghabeygi va Mostafa
Khademi Shamami da t6ng hop vat liéu nanocomposit
7Zn0O-ZrO, bang phucng phap sol-gel két hop rung
siéu am vdi ti 1é mol ZnO:ZrO; thay déi 1.1, 1.2, 2:1 (ki
hiéu tuong Ung ZZ3, ZZ1, ZZ2), hoat tinh quang xuc
tac clia san phdm dugc dénh gid qua phan Ung phan
hdy dé Congo dudi anh séng den UV trong 2 gig. Két
qua cho théy kich thudc tinh thé, nang lugng ving
cdm va hoat tinh quang xUc tac cua vat liéu
nanocomposit tuong Ung theo trat tu ZZ1>772>773,
773>771>772 va 772>773>771. Theo do, kich thudc
hat, ndng lugng ving cdm va ti lé thanh phan cla vat
liéu nanocomposit ZnO-ZrO; la nhiing yéu t6 quan
trong quyét dinh hoat tinh quang xUc tac cla hé nay.
Mau ZZ2 c6 nang lugng ving cdm nho nhét 4,31eV va
kich thudc hat trung binh 29,5nm c6 hoat tinh xdc tac
t6t nhét, sau 2 gig chiéu tia UV 90% dd congo bi phan
hiy. Theo [1], M. C. Uribe Lopez cung cac cdng sy
téng hop vat liéu nanocomposit ZnO-ZrO, bang
phuang phép sol-gel tU kém acetylacetonat v&i ham
lugng ZnO (13, 25, 50 va 75% s& mol). Cac méau thu

dugc co su hinh thanh pha ti dién cta ZrO; va luc giac
clia ZnO. Sy pha tap ZnO cling &nh hudng dén qua
trinh phan bé 16 tréng va dién tich bé mat cla vat liéu
tUr 10m?/g dén 46m?/g. Nang luong vung cdm cla
ZrO;, thay déi khi thém ZnO, két qua do dugc tir 4,73
dén 3,76eV. Hoat tinh xic tac clia cac mau dugc danh
gid qua phan Ung quang hda phan hly phenol dudi
anh sang UV trong 2 gid. Mau c6 ham lugng 75% ZnO
¢6 hoat tinh xdc tac tét nhat véi dé phan hay phenol
71% va dé chuyén héa thanh CO» va H,0 1a 51%....

Trong bai bao nay, ching téi trinh bay két qua téng
hop vét liéu nanocomposite ZnO-ZrO, bang phuong
phap dong két tla két hgp vdi rung siéu am. Bong
thdi nghién cru khad nang xuc tac quang cho phan Ung
phan hay phenol dudi anh séng den sai dét 100W.

Thyc nghiém va phuang phap nghién clu

T6ng hop vt lidu va ddc trung xdc tdc

Cac vét liéu nanocomposite ZnO-ZrO, dugc téng hap
bang phuong phap déng két tha két hap rung siéu am
tUr Zn(CH3COO0),.2H,0 va ZrOCl.8H,0, pH=9, sau dé
dugc nung & 600°C trong 3 gid. Ti 1& mol gilta
Zn0:ZrO; trong cac mau tuong Ung la 0:1; 1:1; 1:2; 2:1;
3:4; 4:3; 1:.0 (Ung v&i ky hiéu mau ZZ01R, ZZ11R, ZZ12R,
ZZ21R, ZZ34R, ZZ43R, ZZ10R). M&u ZZ11 dugc téng
hop trong diéu kién khong rung siéu am vdi ti 1é va cac
diéu kién con lai nhu mau ZZ11R. Quy trinh téng hdp
xUc tac dugc trinh bay dudi hinh 1.

NHVO3 + HLO

¥
Zn(CHCO0): 2H0 + HO ZriOC1.8HL0 + HO + isopropyl + HO,

(chinh pH = 9) (chinh pH = 9)

Trén déu

l Khudy 60°C,3h

Dung dich huyén phi

Rung siéu am 1h
Loc rifa

‘ Say khd B0°C/3h
MNung 600°C/3h

L)
San pham

Hinh 1: Quy trinh téng hop xuc tac
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CA&u truc va tinh chét clia vat liéu dugc xac dinh bang
cac phuang phap: nhiéu xa tia X (XRD) dudc do trén
may D8-ADVANCE, &nh SEM dugc do trén kinh hién vi
dién tor quét phéat xa truong, S4800 clia hdng Hitachi
(Nhat Ban), phd hép thu UV-Vis dugc do trén may
Shimazdu UV 2600 spectrophotometer.

Hoagt tinh xuc tdc cua vat liéu ZnO-ZrO; trong phdn
Ung phdn hay phenol

Vat lieu ZnO-ZrO; sau khi tng hgp dugc nghién clu
kha nang xuc tac cho phan Ung phan hiy phenol dudi
anh sang den sgi dét 100W. 100mg vat liéu
nanocomposit ZnO-ZrO, dugc khudy trén vaéi 100mL
phenol nédng dé 10ppm. Trong 60 phut dau, hdn hop
dugc dat trong bong téi dé can bang hép phuy, sau do
dugc chiéu dén sgi dét 100W trong 5 gid. Sau nhiing
khoang thai gian xac dinh, mot lugng hén hop mau
dugc 8y ra, loc va phén tich thanh phan. Ham lugng
phenol con lai dugc xéc dinh dua trén dé hap thu cla
phenol tai budc song 270nm trén may UV-Vis tai khoa
Hoa hoc — DPHSPHN.

Két qua va thao luan
Bdc trung xuc tdc
Cac mau vat liéu nanocomposit ZnO-ZrO, t8ng hagp

dugc déu co dang bot min va mau trang. Hinh 2 trinh

bay gidn do XRD clia cac méu ZnO-ZrO; theo cac ti [é.
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Hinh 2: Gidn d® XRD culia cac mau ZnO-ZrOs

Gidn d& XRD cho thdy cac mau nanocomposit ZnO-
Zr0> c6 cac dinh nhiéu xa d3c trung tuang Ung vai cac
géc 30,76°%; 32,09° 51,03°% 60,29° cla ZrO, (ZZOR).
Pong thdi cd mat cac dinh nhiéu xa tai cac vi trf 31,74°;
36,41°; 47,53° 56,72° 62,9° clia ZnO (ZZ10R). V&i mau
7721R khi tang ham lugng ZnO gép 2 lan ZrO,, trén
gian do xudt hién cac dinh nhiéu xa dac trung clia ZnO

véi cudng dé tang 1én, diéu nay cho thay khi t6 hop
Zn0O va ZrO, ¢b sy két hgp Zn vao mang ZrO; va
nguac lai.

Kich thudc tinh thé trung binh clia cac mau dudc tinh

0,89.4  Trong do6 I I3
p.cosé

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

theo cong thuc Scherrer: r=

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

Méau KTTT trung binh Nang luong
(nm) vung cdm (eV))
ZZ10R (ZnO) 30,23 3,01
ZZ11R 18,94 -
Z712R 18,21 -
Z721R 30,83 -
Z734R 19,7 3,06
Z743R 22,23 -
ZZ01R (ZrOy) 23,39 4,97
144 a [(a) Zz10R
(b) ZZ34R
55 | ) ZZ01R

Absorbance (a.u.)

0.0 T T T T T T T T
200 250 300 350 400 450 500 550 600 650 700

Wavelength (nm)

(3.a)

50

,f" ZZ34R (ZnO-Zr0,)
Eg=3,06 eV

2710R @Zn0) |

] | ZZ01R (Z10,)
Eg=301eVv {

Eg=497eV

404

304

(ahv)*

204

10

0 T r T T T :I T
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Bandgap (eV)

(3.b)

Hinh 3: Phé hép thu UV-Vis (3.a) va dé thi xac dinh Eq
(3.b) clia cAc mau ZZ10R, ZZ34R va ZZ01R
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Két qua do UV-Vis (Hinh 3) clia cac mau ZZ10R (ZnO),
7734R, ZZ01R (ZrO,) cho thédy co sy dich chuyén dich
by hdp thu clia mau vat liéu nanocomposit ZnO —
ZrO2 so v&i 2 mau oxit tng hap riéng 1&. Nang lugng
vung cdm dugc tinh theo céng thic Kubelka — Munk:
(hv.a) = A(hv - Eg)?. Trong dé, h la hdng s6 Plank, v 1a
tdn s anh sang, a la hé sé hdp thy, Eq la bé réng dai
cdm, A la hé s ti 1é. Bang cach v& tiép tuyén tai diém
déc nhét clia dudng cong hdp thu cé thé xac dinh
dugc Eg (hinh 3.b). K&t qua tinh Eq dugc trinh bay &
bang 1. Két qua cho thdy mau oxit hdn hop ZnO —
Zr0, ¢6 nang lugng vung cam 3,06 eV trong khi mau
ZrO, c6 Eg = 4,97eV. Nhu véy, c6 sy dich chuyén su
hap thu buc xa vé vung kha kién va nang lugng ving
cdm clia mau vat liéu composit ZZ34R (ZnO-ZrO,)
giam dang ké so v&i mau ZrO; tinh khiét. Day 1a yéu t&
t6t, lam tang hoat tinh xUc tac quang cla cac mau
vat liéu t6 hap.

Ph& hép thu hdng ngoai clia mau ZZOTR (ZrO,) (Hinh 4.a)
cho théy, xudt hién van hap thu & khoang 3370cm™ va
16197cm™ dac trung cho dao déng bién dang cla cac
nhém OH va phan t nudc bé mét [5]. Van hép thu tai vj tri
587cm™ va 495cm™ dugc quy két cho dao déng cua lién
két Zr-O va Zr-O-Zr [1,5]. Van hép thu tai vi tri 755cm™ dac
trung cho dao déng lién két Zr-OH trong ZrO; [5, 8, 9].
Trong mau vat liéu ZZ10R (ZnO) (hinh 4.b) van hap thy tai
2921cm™, 2236cm™ va 1584cm™ dugc quy két cho dao
déng cla nhém OH va dao déng clia nudc bé mat. Van
hép thu tai 874cm™, 538 cm™ va 427 cm™ dac trung cho
dao dong cua lién két Zn-OH va Zn-O [6, 10]. V& mau vat
liéu nanocomposite ZnO-ZrO; (ZZ34R) xuét hién cac lién
két tai 494 cm™, 614 cm™, 756 cm™! ¢é sy dich chuyén so vdi
van hép thu dac trung cho ZnO tinh khiét va ZrO; tinh
khiét cho thdy da c& mét phan lién két Zn-O-7r trong vét
liéu. [1,3]
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Hinh 4: Ph6 IR clla mau ZZO0R (4.a), mau ZZ10R (4.b)
va mau ZZ34R (4.0

.

IMS-NKL 5.0kV 4.3mm x100k SE(M)

Hinh 5: Anh SEM ctia mau ZZ34R

Anh SEM mau ZZ34R (Hinh 5) cho thay cac hat phan
bé ddng déu, khdng bi két dém, phan tach riéng ré, rd
nét vai kich thudc hat khodng 25 nm.

Hoagt tinh xdc tdc quang phdn hay phenol cta vit liéu
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Vat lieu ghép ZnO-ZrO; vai ham lugng khac nhau da
dugc thr khd ndng xuc tac quang cho phan Ung phan
hdy phenol dudi anh sang dén sgi dét. Ham lugng
phenol con lai trong dung dich dugc xac dinh bang
phd UV-Vis. Két qua dugc trinh bay dudi bang 2.

do hép thu cda phenol gidm dan ching to phenol da
phan hay dén theo thdi gian.

270 nm

(a) - 60 phut

(b)

60 phut

Bang 2: % Phenol con lai theo thai gian

Ma&u

Thai
gian ZZ01R | ZZ1 ZZ1R | ZZ12R | ZZ21R | ZZ34R | ZZ43R | ZZ10R
-60 100 100 100 100 100 100 100 100
0 99.53 97.21 7534 97.96 92.5 60.2 91.75 99.87
60 98.57 | 96.54 726 90.81 50.01 37.76 52.58 99.32
120 96.72 | 89.56 65.16 41.84 4122 37.76 40.21 99.1
180 96.7 89.51 63.01 40.82 4245 36.73 37.11 98.12
240 9214 86.71 61.64 33.67 3512 30.61 34.02 97.23
300 9032 | 8392 41.09 31.63 30.57 23.47 30.92 93.15

Anh huéng cta ti lé ZnO:ZrO; trong phdn Ung phdn
hay phenol

80

60

% phenol con lai

—m— ZZ01R
—e—7Z11R
—A—7Z12R -
—w— ZZ21R ~
—9—ZZ34R e
209 | —¢—zz43R
—»— ZZ10R

T T

T T T T
-60 0 60 120 180 240 300 360
Th&i gian (phat)

Hinh 6: % phenol con lai khi st dung cac xuc tac vdi
cac ti 1é ZnO:ZrO; theo thdi gian

K&t qué xuc tac quang phan huy phenol cla vat liéu
ghép ZnO-ZrO; vdi ti 1é ham lugng khac nhau (Hinh 6)
cho théy véat lieu ghép c6 khd nang phéan hdy phenol
t6t han nhiéu so vé&i mau ZnO va ZrO; riéng ré. Sau
300 phut % phenol con lai v&i cac vat liéu ghép tu 23-
41% trong khi d6 % phenol con lai khi str dung xdc tac
riéng ré ZZO1R (ZrO,) va ZZ10R (ZnO) 1a 90.32% va
93.15%. Mau ZZ34R c6 kha nang xdc tac quang tot
nhét, sau 300 phut chiéu séng ham lugng phenol gidm
con 23.47%.

Hinh 7 cho thdy su thay déi phd UV-Vis cla phenol tai
cac thai diém trudc (-60 phudt) va trong (60 dén 300
phut) phan Ung quang xuc tac véi mau ZZ34R. Cudng

(c) 120 phut
(d) 180 phut
(e) 300 phut

Abs

(9
(e
250 300 350 400
Wavelength (nm)
Hinh 7: Phé UV-Vis cta phenol tai cac thai diém trong
phan Uing quang xuc tac véi mau ZZ34R

Anh hudng cta giai doan rung siéu ém trong qud trinh
téng hop vt ligu

Anh hudng ctia giai doan rung siéu 4m trong qua trinh
téng hop vat liéu dén hoat tinh xtc tac quang dugc
thé hién dudi hinh 8. Két qua xuc tac quang cla mau
7711 (dong két tua) va mau ZZ11R (dong két tha két
hop rung siéu am) cho thdy mau ZZ1R c6 hoat tinh
xUc tac t6t han han mau ZZ11. Ham lugng phenol con
lai sau 300 phut chiéu den khi dung xdc tac ZZ11 la
83,2% trong khi do vai xuc tac ZZ11R la 41,09%. DBiéu
nay dugc gidi thich do qué trinh rung siéu am da tao
ra moi trudng dac biét, lam tdng qué trinh thdy phan
cac mudi Zn va Zr. Hon nifa qua trinh rung siéu &m
lam tang ti |é dién tich bé mat so vdi thé tich, tao ra
cac hat nhoé hon do do lam tdng nang lugng bé mét
cac hat vét liéu so vd&i qué trinh khéng két hgp rung
siéu am [3,6].

100

90 4

804

70

60

% phenol con lai

504

—=— 7711
w0 |~ zz11R

T T T T
-60 0 60 120 180 240 300 360
Thoi gian (phat)

Hinh 8: % phenol con lai theo thdi gian khi st dung
xUc tac ZZ11 va ZZ11R
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TU két qua thuc nghiém va theo tai liéu [2] gian do
muc nang lugng cla qua trinh chuyén electron gitra
ZnO va ZrO; trong vét liéu ghép ZnO-ZrO, dugc thé
hién dugi hinh 9:

Zro,

PhO +H

MUc nang Iugng
Phenol

lugng khuyét

E: Miic nang
I tat

hv

Hinh 9: Gian d& mUic nang Iugng ctia qua trinh chuyén
electron gitta ZnO va ZrO; trong vat liéu ghép ZnO-ZrO;

Khi vat liéu ghép ZnO-ZrO, dugc kich thich bdi anh
sang (hv), cac dién ti & vang hoa tri (VB) clia ZnO co
thé dugc kich thich 1én ving dan (CB) cta né. Trong
khi d6 ndng lugng vung cdm cda ZrO, cao han, nang
luong nay khong du dé kich thich dién t& ti VB sang
CB clia ZrO; tuy nhién cac dién tuf kich thich tao ra cac
16 tréng khuyét tat trong vung cdm clia né. Theo [2] ¢6
su kich thich dién ti tu obitan khoéng lién két cla
phenol 1én viing dan CB clia ZrO; va electron c6 thé
dugc chuyén xuéng vung CB thdp hon cla ZnO.
Electron cling c6 thé chuyén tir ving CB clia ZnO dén
ving khuyét tat thap hon clia ZrO, va 16 tréng chuyén
tUr vaing VB clia ZrO; 1én vung VB clia ZnO. Qua trinh
nay lam tang hiéu quéd cla su tach cap electron-16
tréng do dé lam tang hiéu sudt quang xuc tac cla vat
liéu ghép ZnO-ZrO;.

Két luan

TU Zn(CH3CO0),.2H,0 va ZrOCl,.8H,0, bang phuaong
phap dong két tha két hap rung siéu am da téng hop
dugc vat liéu ZnO-ZrO, vdi cac ti 1é mol tuong Ung vé
thanh phan ZnO-7rO; la 1.0, 1.1, 1.2, 211, 3:4, 4:3, O:1.
Vat liéu thu dugc co chira déng thdi pha cla ZnO va
ZrOy, hat dang hinh cau, kich thudc 18+30nm.

Vat liéu c6 kha nang xuc tac cho phan Ung phan huy
phenol dudi &nh séng den sgi dét 100W (A = 450-
750nm). Trong dé vat liéu co hoat tinh xUc tac tét
nhét la ZZ34R, sau 300 phdt ham lugng Phenol con lai
23,47%.

Vat liéu dugc téng hop bang phuong phép dong két

tla két hgp rung siéu am co hoat tinh xdc tac quang
t6t hon so vdi vat liéu khéng dugc téng hop bang
rung siéu am. % ham lugng phenol con lai tuong Ung
vdi 2 mau rung siéu am va khoéng rung siéu am 13
83,92% va 41,09%.

Két qua nghién cltu cho théy vat liéu ghép ZnO-ZrO;
téng hop dugc cé kha nang xur ly cac chét hitu co déc
hai gay & nhiém moi trudng nudc.
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