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ABSTRACT

In this work we report the synthesis of ZnO-ZrO2 and vanadium doped
Zn0-Zr02 (V/ZnO-Zr0O2) nanocomposite materials by a sol-gel
processing technique. The molar ratio between ZnO and ZrOz is 3 : 4,
the molar percentage of vanadium doped (relative to ZrO2) varies from
3% to 9%. The obtained materials were characterized by XRD, SEM, UV-
Vis, BET, EDX. XRD data identified phase of the ZnO and phase of ZrO2
in all obtained samples. The average crystallite size of the samples was
between 18 to 20 nm. UV-Vis spectra showed that the band gap energy
decreased by the doping of Vanadium. The EDX result of ZZV347S
indicated doping efficiency equal 91,29%. The photocatalytic activities of
nanocompsite materials were evaluated by the photocatalytic
degradation of phenol under UV light. The highest photocatalytic
efficency for phenol degradation was achieved through ZZV343S
catalyst after 180 minutes.

Gidi thiéu chung

ZnO va ZrO2 la hai chat ban dan loai n dugc nghién
cru nhigu trong phan &ng quang xdc tac phan hiy céc
chat httu cg & nhiém. Tuy nhién, v&i nang lugng ving
cdm Ién (ZnO cb Eg = 3,37 eV va ZrO2 cb Eg = 50—
5,5 eV), ndng lugng hoat hda quang xUc tac clia ZnO
va ZrO2 nam trong vung t& ngoai [1-7]. Cac nghién
cltu d& chi ra rang viéc pha tap cac nguyén té kim
loai hodc phi kim (N, S, V, Fe, Cu..) vao ZnO hoac
7rO2 da tao ra cac khodng tréng oxy (VO) trong
mang tinh thé ZnO hodc ZrO2 lam gidm nang luong
ving cdm, dich chuyén ving hdp thu vé vung kha
kien va tang khd ndng quang xdc tac [5-10]. Bén
canh viéc pha tap cac nguyén t& khac vao ZnO hodc
ZrO2, cac nghién clru gan day cho thay hé oxit hdn

hop ZnO-ZrO2 o kich thudc nanomet va c6 khéd nang
xUc tac t6t han so vdi tiing oxit riéng 1é [1-4]. Khi tao
thanh hé ghép, su thay thé cac ionZn2* bang Zr** lam
phé v& can bang dién tich. Su mét can bang dién tich
nay thic ddy qua trinh hdp phu nhiéu ion hydroxit trén
bé mat xUc tac hon. Do dé lam gidm qué trinh tai to
hop electron — 16 tréng sau qua trinh kich hoat
electron [4].

Vanadi la kim loai chuyén tiép c6 cdu hinh electron
[Ar]3d34s? va cb 4 trang thai oxi hda +5,+4,+3 va +2.
Do do, su két hop ion Vvao ZnO hoac ZrO2 cé thé tao
ra cac khuyét tat vé khodng tréng oxy va lam gidm
nang lugng vung cdm [5-7]. Mohammed Ahmed
Wahba va Saad Mabrouk Yakout daténg hap ZrO2 va
ZrO2 pha tap V bang phucng phép sol-gel. Két qua
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cho thdy vat liéu Zro,95V0,0s02 cd hoat tinh xic tac
quang t&t nhat, phan hdy ~100 % xanh metylen (MB)
dudi den hdng ngoai trong 150 phdt [6]. R.Slama va
cac cong su téng hap ZnO pha tap V bang phuong
phép sol-gel véiham lugng V thay ditlr 1 %-5 %. Két
qué thu dugc ZnO pha tap 3 %V c6 hoat tinh xUc tac
quang phén hly MB t6t hon so véi ZnO tinh khiét va
cac mau ZnO pha tap V vditi 1é khac [5].

Hién nay, chua c6 cdng trinh nao nghién ctu téng hop
hé ghép ZnO-ZrO2 pha tap V. Trong bai bdo nay,
ching toéi trinh bay két qud téng hop vét liéu
nanocomposite ZnO-ZrO2 pha tap V bang phuong
phap sol-gel. Déng thai nghién clu khad nang xuc tac
quang cho phan Ung phan hidy phenol dudi 4nh sang
den UV.

Thyc nghiém va phuang phap nghién cttu
Téng hap vt liéu va ddc trung xuc tdc

Céc vat liéu nanocomposite ZnO-ZrO2 va ZnO-ZrO2
pha tap V dugc téng hop bang phuong phap sol-gel
tU Zn(CH3COO)2.2H20, ZrOCk.8H20 va NHaVO3,
pH=7-8, sau d6 dugc nung & 600 °C trong 3 giG. Ti 1é
mol gita ZnO : ZrO2 = 3 : 4, x% la ti 1é % mol gila
NH4VOs3 : ZrO2 (x =0; 3; 5, 7; 9) Ung vdi ky hiéu mau
Z2734S, 77ZV343S, ZZV345S, ZZV347S, ZZV349S). Quy
trinh t6ng hap xuc tac dugctrinh bay dudihinh 1.

Zn(Ac),.2H,0
NH,VO; + HyO +H,0

pH=7-8
Dung dich trrong suot
T

t=70-80°C

CA/Tar + NHNO;+

Trén déu

| 7:0Cl, 8H,0 + H,0 |

t=70-80°C

Gel ZnO
Trén

Khuay 'I/ -
San pham Ili I Gel }-\ II Dung dich trong sudt |

Hinh 1: Quy trinh t&ng hop xdc tac

Gidn dd nhiéu xa tia X (XRD) clia vat liéu dudc do trén
may D8-ADVANCE. Hinh thai bé mat cla vat liéu dugc
xac dinh bang cach ghi anh trén kinh hién vi dién ti
quét FE-SEM S4800 clia hang Hitachi (Nhat Ban). Phé
h&p thu UV-Vis mau ran dudc do trén may Shimazdu
UV 2600 spectrophotometer. Phé EDX cla vat liéu
dugc do trén may JOEL JSM-6510LV. Dién tich bé mat
rieng BET dugc do trén may TRI START 3000
Micromeritics.

Hoagt tinh xdc tdc cua vét liéu V/ZnO-ZrOz trong phdn
ng phdn hdy phenol

Hoat tinh xUc tac quang cla vat liéu dugc danh gia
qua khad ndng phan hiy phenol dudi &nh séng dén UV
(5W, budc song UVC). 100 mg vat liéu nanocomposit
V/ZnO-ZrO2 dugc khudy trén véi 100 ml phenol nong
dé 10 ppm. Trong 60 phit dau, hdn hop dugc dat
trong bong t8i dé can bang hdp phu, sau dé dugc
chiéu den UV trong 3 gid. Sau nhirng khoang thdigian
xac dinh, mot lugng hdn hap mau dugc ldy ra, loc va
phan tich thanh phan. Thdi gian 18y mau dugc ki hiéu
theo bang 1. Trong d6, quy udc thai diém bat dau
chiéu sang la méc thai gian 0.

Bang 1: Quy udc thdi gian1dy mau xic tac quang

Quy udc
STT Céac mau 18y dé do thdi gian
(phat)
1 1 mau phenol ban dau -60
5 1 mau phenol + Xtc tac + khéng 0
chiéu den sau 60 phut
1 mau phenol + Xuc tac + chiéu dén
3 , 60
trong 60 phut.
4 1 mau phenol + Xuc téc + chi€u den 120
trong 120 phut.
1 mau phenol + Xuc tac + chi€u dén
5 , 180
trong 180 phut.

Ham lugng phenol con lai dugc xac dinh theo hai
phuang phap nham so sanh két qua clia cac phép do:

Phuong phap 1: phan tich san phédm trén may UV-Vis
Carry 60 Spectrophotometer tai khoa Hoa hoc —
DHSPHN. Budng chuén dé xac dinh ham lugng phenol
dugcxay dung tir day cacndng dé 10+50 ppm dbudc
séng hédp thu cuc daila 270 nm. TU gia tri mat d6 quang
clia mau do & budc song hép thu cuc dai 270 nm, so
sanh vai dudng chuén, xac dinh duge ham lugng %
phenol con lai.

Phuong phép 2: phén tich san phadm trén may sac ki
lbng hiéu ndng cao (High performance liquid
Chromatography - HPLC) tai khoa Hoa hoc -
PHSPHN. HPLC s&f dung c6t ODS C18 va detector hap
thu t ngoai, dung moi 1a hdn hgp 60% metanol 40%
nudc vé thé tich, budc song st dung cho detector la
270nm, thai gian ghi nhan tin hiéu pic la 6 phut.

K&t qua va thao luan

Ddc trung xdc tdc

Cac mau vét liéu nanocomposit ZnO-ZrOz2 va V/ZnO-
ZrO2 t6ng hgp dugcdéu cd dang bdt min, mau ZZ34S

khéng pha tap V ¢& mau trdng, cac mau pha tap ¢
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mau vang nhat. Hinh 2 trinh bay gidn d6 XRD clia céc
mau ZnO-ZrO2 va V/ZnO-ZrO2

Gian dd XRD cho thdy cac mau nanocomposit V/ZnO -
Zr02 ¢6 cac dinh nhiéu xa dac trung tuong Ung vdicac
géc & 30,76° 36,41° 51,03° 60,29° clia ZrO2. Bdng
thdi c& mat cac dinh nhiéu xa tai cac vi trf 31,74°
36,41°; 56,72° clia ZnO [1-4]. K&t qua nay cho thdy vat
liéu t8ng hap dugc cd thé coila hén hap tinh thé ZnO
va ZrOz2 [2].Trén gidn do khong quan sat thay xuat hién
dinh nhiéu xa clia V diéu nay cho thdy viéc pha tap
khéng lam thay déicdu tric tinh thé ZnO-ZrO2

25000,

@l ——2ZV348S (a)

——2ZV3455 (b)
Zr0z ——ZZV343S (c)

20000) 0 e Bzws al
Zn0 J\ o 20z
A _A.m

15000
N v
| BPAN
womhv_J\L/\L_J\_g/\A__‘
c

5000
L w
20 30 40 50 60 7

intensity (au)

1
2theta (degree)

Hinh 2: Gidn dd XRD clia cac mau V/ZnO-ZrO2
Kich thudc tinh thé trung binh cla cdc mau dugc tinh

0,89.4
[.cosé

I la kich thudc tinh thé trung binh cla vat liéu téng
hap dugc (nm), A la budcsong ka clia anot (A), B 1a d6
ban m& réng vach pic dac trung (radian), © la goc
nhiéu xa bragg Ung vai pic cuc dai (d6). Két qua duagc
trinh bay & bang 2.

theo cong thuc Scherrer: F: . Trong do

Kich thudc tinh thé va nang lugng ving cdm clia cac
mau téng hop dugc dugc so sanh vai két qua nghién
cltu trudce [11], mau ZZ34R 13 vat liéu nanocomposit
Zn0O - ZrO2 khdng pha tap V, vditi 1é mol ZnO:Zr02 =
3:4 dugc téng hop theo phuang phap dong két tla
két hgp rung siéu am.

Két qua do UV-Vis (Hinh 3) cho thdy c6 su chuyén dich
b& hdp thu cla mau vét liéu nanocomposit V/ZnO —
ZrO2 vé vlung anh sang khad kién. Nang lugng ving
c&m dudc tinh theo cong thitc Kubelka — Munk: (hv.a)
= A(hv - Eg)2. Trong d6, h la hang s6 Plank, v la tan
s6 anh séng, o la hé s& hép thuy, Egla bé rong daicdm,
A la hé s6 ti lé. Bang cach vé tiép tuyén tai diém déc
nhét clia dudng cong hép thu c6 thé xac dinh dugc Eq
(hinh 3.b).

Bang 2: Két qua tinh kich thudc tinh thé va nang luong
vlng cdm clia cac mau

Mau KTTT trung binh Nang lugng
(nm) ving cadm (eV))
Z734R 1] 19,7 3,06
Z734S 19,2 -
Z7N343S 18,6 2,81
Z7\V345S 20,5 2,62
Z7N347S 20,2 2,71
77N 3495 199 2,66

Két qua tinh Eg dugc trinh bay & bang 2. Két qua cho
thdy méau vat liéu V/ZnO — ZrO2 c6 ndng lugng ving
cdm thdp han mau ZnO, ZrO2 tinh khiét va mau ZnO —
ZrO2 khdng phatap V (ZZ34R). Nang lugng vung cam
Eg cla cac mau  ZZV343S, ZZV345S, 7ZV347S,
Z7ZV349S 1an lugt 1a 2,81 eV; 2,62 eV, 2,71 eV; 2,66 eV.
Nhu vay, c6 su dich chuyén su hdp thu blcxa vé viing
kna kién. Day la yéu t6 tét, lam tang hoat tinh xUc tac
quang clla cac mau vat liéu nano composit ZnO -
ZrO2 pha tap V [5-7].

Wavelength (nm)

(3.a)

60|

(ahv)*2

——77v3438
—ZZV3458
——2Z7V3478
——77v3498

5 X 0 5 0 X} 50 55 60
Bandgap (eV)

(3.b)
Hinh 3: Phé hép thu UV-Vis (3.a) va do thi xac dinh Eq
(3.b) clia cAc mau V/ ZnO-ZrO2
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FF il
IMS-NKL 5.0kV 4.3mm x100k SE(M)
Hinh 4: Anh SEM clla mau ZZV343S
Anh SEM  mau ZZV343S (Hinh 4) cho thdy céc hat

phan bé déng déu vaikich thudc hat khoang 25 nm.

Két qua do EDX clia mau ZZV347S (Hinh 5) cho thay ti
lé nguyén t& Zn: Zr 1a 1487 : 2034 = 3 : 4, ti 1€ %
nguyén tU V theo Zr = 1,3 : 20,34 = 6,39% trong khi
ham lugng pha tap V theo tinh toan =7%. Két qua nay
kha phu hgp véi lugng tinh toan ly thuyét ban dau vdi
hiéu sudt pha tap V = 91,29%. Ngoai ra, trén phd EDX
chi xuét hién pic cia Zn, Zrva V, khéng cé pic cla cac
nguyén t& khac. Diéu nay chiing to vét liéu tbng hop
dugcla tinh khiét.

- Spectrum 9

Element  Atomic %
0 63,49
Zn 14,87
74 20,34

\% 13
Total 100

Hinh 5: Ph& EDX clia mau ZZV347S
K&t qua do BET cho thdy mau ZZV347S c6 dién tich bé
mat la 22,45 m?/g

Hoat tinh xdc tdc quang phdén hay phenol caa vat liéu

Hoat tinh xUc tdc quang cua vat liéu dugc danh gia
qua khd ndng phan hiy phenol. D& so sanh sai 58 thi
nghiém cla két qud do, ham lugng phenol con lai
trong dung dich dugc xéac dinh bang phé UV-Vis va
sac ki d6 HPLC. Két qua xUc tac quang phan hly
phenol cla vat liéu nanocomposit ZnO-ZrO2 va ZnO-
ZrO2 phatap Vanadivdi ham lugng khac nhau (Hinh 6)
cho thdy mau vai 3%V pha tap (ZZV343S) 6 kha nang
phan hiy phenol t6t hon so vd&i mau ZnO-ZrO2 va
ZnO-ZrO2 pha tap vdi ham lugng khac. Sau 180 phut

% phenol con lai v&i mau ZZV343S 1a 47 % trong khi
do % phenol con lai khi st dung xdc tac khac tir 62 %—
70 %.

100
90
E.
< 804
S
o
E
S 704
=
S
X 60 - —m— 7734S
—e— Z7ZV343S
—A— Z7\/345S
50 1 —w— ZZNV347S
—o— Z7ZV349S
40 T T T T T
-60 0 60 120 180

Thai gian (phat)

Hinh 6: Ham lugng phenol con lai trong cac mau dung
dich khi c& mat vat liéu xtc tac tai cac thai diém dugc
xac dinh bang phuang phap UV-Vis

Hinh 7 cho théy su thay d&i ph UV-Vis clia phenol tai
cac thai diém trude (-60 phut) va trong (60 dén 180
phit) phan Ung quang x(c tac véi mau ZZV343S.
Cudng dd hdp thy clia phenol gidm déan chiing to
phenol d& phan hiy dan theo thai gian.

03 (a) -60 phut
(b) Ophat
(c) 60 phat
(d) 120 phat
(e) 180 phat

Abs

T T T T T T T T T
250 260 270 280 290
Wavelength (nm)

Hinh 7: Phé UV-Vis clia phenol tai cac thai diém trong
phan ng quang xUc tac v&i mau ZZV343S

Ham lugng phenol con lai tai thai diém 180 phtt trong
phan Ung x{c tac quang bang mau ZZV343S dudgc xac
dinh bang 2 phuong phap UV-Vis (Hinh 7) va HPLC
(Hinh 8) 1an lugt 1a 47% va 49%. Biéu nay cho thay két
qué cla cac phép do tuong ddi chinh xac, dd sai s
gilta 2 phép do la 2%.

K&t qud nghién clu trudc cho thay, khi dugc chiéu
sang, dudi tac dung cla chét xdc tac phenol dé bi
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phan hdy mét phéan thanh axit muconic va cudi cing bi
oxi hda hoan toan thanh CO2 va H20 [12,13].

Phenol

Detector 270nm

- 60 phat

180 phut

T T T .
4 5 6 min

Hinh 8: Sac ki d& HPLC phan hly phenol bang mau

77V343S taithai diém -60 phdt va 180 phat
Nhu vay, vd&i lugng V pha tap thich hgp sé lam tang
khd nang bdy cac electron quang sinh ra, ngan kha
nang tai két hap vdi cac 16 tréng do dé lam ting hoat
tinh xdc tac [5-6]. Tuy nhién, khi tam kim loai qua
nhiéu c6 thé lam co cum tdm hoat déng, tao thanh
trung tam tai két hop electron — 16 tréng lam giam
hoat tinh xtc tac [5-6). M6 hinh gidn d6 ca ché dé xuét
qua trinh xdc tac quang phan hidy phenol dugc trinh
bay dudihinh 9 [5-7]

V/ZnO-ZrO,
, (\ v
e V5, o)
a &% » J ’
G QA6 >
%\/\Qinro'\ Oz
\'h\‘\ P [ {
A ‘*\r 72 Q\\It :.
Z0, Zn0 | 20021 €O, +
‘;m\ ’!ﬁ\ Rl = o
H,C \ i 4 _th‘T‘“ om
J h* B* W . -

Hinh 9: Sg d6 biéudién co ché quang xuc tac phan
hly phenol clia vat liéu nanocomposit ZnO-ZrOz [1, 6]

TU két qud nghién clu va tai liéu [1-7], vat liéu
nanocomposit ZnO-ZrOz2 khi dugc kich thich bdi anh
séang (hv), cac dién t & vuang hoa tri (VB) clia ZnO cb
thé dugc kich thich 1én vung dan (CB) clia nd. Trong
khi d6 nang lugng vung cdm cda ZrO2 cao han, nang
lugng nay khong du dé kich thich dién tir tir VB sang
CB cla ZrO2 tuy nhién cac dién t kich thich tao ra cac
16 tréng khuyét tat trong ving cdm clia nd. Dong thdi
tao ra sy kich thich dién tir tir obitan khdng lién két clia
phenol 1én viing dan CB clia ZrO2 va electron c6 thé
dugc chuyén xudng vung CB thdp hon cla ZnO.

Electron cling c¢6 thé chuyén tir ving CB clia ZnO dén
vung khuyét tat thip hon cla ZrOz va 16 tréng chuyén
tUf vung VB cla ZrO2 lén vung VB cliia ZnO. Qua trinh
nay lam tdng hiéu qua clia su tach cap electron-16
trong.

Khi pha tap Vanadi, sy thay déi cac trang thai oxi hda
cla V pha tap (V°*, V4, V3*) trong mang nén ZnO-
ZrO2 c6 thé lam tang hoat tinh xUc tac. Cac dién tir dé
dang bi “bay" trong qua trinh t&r V*° thanh V4 do dé
Uc ché qua trinh tai két hap electron-16 tréng. Sau do6
cac electron nay cé thé dugc Oz gilt lai tao thanh
anion O72* va H202. Nhitng chét trung gian mdi tao
thanh c6 thé tuong tac véi nhau tao thanh cac géc
hydroxyl OH®. Ngoai ra, cac 16 tréng quang dudc hinh
thanh & vung hoa tri c6 thé phan Ung vdi cdc nhom
hydroxyl va H20 tao thanh cac géc hydroxyl OH®. Mat
khac V°+ co thé tuong tac vai phenol dé tao thanh V4+,
Trang thai oxi hda V4* trong ZnO-ZrO2 cling c6 thé
"bay” electron vald tréng dé tao thanh Vo* va V3+ [5-7)

Zn0-Zr02 + hv — (h* + e7) ZnO-ZrO2
ZnO-Zr0O2(e-) + V> —» ZnO-ZrO2 + V4+

V4 + 02+ ht - Vo + 02

VA + 02 + ht — Vo+ + H202

H202 + O2* > OH®*+ OH + O2

ZnO-Zr0O2(h*) + H2O/OH — ZnO-Zr02 + OH® + H*

V>* + Phenol — V4* + Phenol

VA4+ + e — V3* (bay electron)
VA 4+ ht = Vo (bay 16 tréng)

Phenol + (O2°*, H202, OH®) — sanphdm (CO2 + H20)
Cac qué trinh nay giam sy tai két hop cap electron-16
tréng lam tdng hiéu sudt quang xUc tac cla vat liéu
ghép ZnO-ZrO2 pha tap Vanadi v&i ham lugng thich
haop.

K&t luan

TU Zn(CH3CO0)2.2H20, ZrOCl2.8H20 va NH4VO3 bang
phuong phép sol-gel d& téng hop dugcvatliéu ZnO -
ZrO2vaV/ ZnO-ZrO2 v&iham lugng %V = 3-9 %. Vat
liéu thu dugccd chita déng thai pha clia ZnO va ZrOz,
kich thudc 18+20nm. Nang lugng vung cdm thép hon
nhiéu so v&i hé oxit rieng ré ZnO va ZrO2.

K&t qua EDX cho thdy hiéu sudt pha tap cla mau 7 %
V dat 91,29 %

Vat liéu c6 kha nang xuc tac cho phan Ung phan hly
phenol dudi anh sang den UV. Trong d6 vat lieu pha
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tap 3 % Vanadi c6 hoat tinh xic tac tét nhéat
(ZZV343S), sau 180 phdt ham lugng phenol con lai

47%.

Két qua nghién clu cho thay vat liéu ghép ZnO-ZrO2
pha tap V t6ng hop dudc cd kha nang xir ly cac chét
hitu co déchai gay 6 nhiém moi truding nudéc.

L&i cdm aon

Nghién clu nay dudgc tai trg bdi trudng Pai hoc Su
pham Ha No6i trong dé taima s& SPHN19-05
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