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ABSTRACT

In this study, ZnO thin films were fabricated by dip-coating technique
used solution synthesized by sol-gel method. The influence of film area
and RhB concentration on the photocatalytic activity of ZnO films was
determined. Accordingly, the survey results irradiation with a UV lamp
S5W showed that both the efficiency and the rate constant increased
when the film's area used increased, but the mass of RhB decomposed
in 1 hour calculated according to 1 m? films again decreased. In the case
of increased RhB concentration, the results show that the efficiency and
the reaction rate constant decrease in value. Finally, an important point
to mention is the film samples can be reused many times showing high

potential for practical applications.

Gidi thiéu chung

Rhodamine B (ky hiéu, RhB) la ch&t mau hiu cg quan
trong ctia nhém thudc nhudm xanthene cé cong thiic
phan t&r CagH31CIN2O3 va codng thiic cdu tao nhu & hinh
1, trong do6 c6 vong tham chia nhdom mang mau C=C,
C=N va nhém trg mau N(CHs).. Bén nay, mét s6
nghién clu d& chi ra RhB rét nguy hiém déi vdi sinh
vat va con ngudi vi né gay kich Ung mat, dudng ho
hép va cac van dé vé da [1]. Do vay, viéc loai bd RhB
khdi nguén nudc ludn la mot van dé dugc quan tdm
nghién cfu va mang tinh cép thiét.

Hién nay, vat liéu xic tac quang trén cd s& cac oxide
ban dan nhu TiOz [2], ZnO [3], WOs [4],... d& dugc

chiing minh cé hiéu qué trong xtr ly nudc thai do quy
trinh va thiét bi don gidn, qua trinh oxy hda khong
chon loc va cé thé phan hiy hoan toan chat mau hitu
cG thanh cac san phdm khoéng déc hai [5]. Trong dé,
Zn0 da thu hat dugc nhiéu sy quan tdm cla cac nha
nghién ctu bdi cac dac tinh quy nhu than thién vdi moi
trudng, sdn c6, da dang phucng phép téng hop va
hoat tinh xUc tac quang tét [6].

Céc nghién clu vé quang xUc tac clia ZnO dé cong bd
hién nay chl yéu dang tap trung vao vat liéu nano
dang boét [7], chua cé nhigu nghién ctu vé ZnO dang
mang [8-11]. Diéu nay c6 thé han ché kha nang Ung
dung cla vét liéu ZnO trong thuc t€. Uu diém ndi bat
clia cdu tric nano dang mang la lugng xdc tac can rét
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ft, tai st dung dugc nhiéu 1&n va do dé han ché anh
hudng dén méi trudng.

H,C CI" _CH,

D of

H,C. _N 0 _N__CH;
O =
l COOH

N-(9-(2-carboxyphenyl)-6-(diethylamino)-3 H -xanthen
-3-ylidene)-N -ethylethanaminium chloride

Cong thic cau tao cla rhodamine B

Trong nghién ctu nay, vat liéu mang ZnO dugc ché
tao bang ky thuat nhung phd sit dung dung dich téng
hop bang phuong phap sol-gel. Day la ky thuat don
gian, chi phi thép, tiét kiém nguyén liéu va phu dugc
trén bé mat dé cé hinh dang phuec tap, dién tich pht
Ién. Mot s6 dac trung va hoat tinh quang xdc tac cla
vat liéu trong phan Ung phan huy RhB d& dugc khao
sat.

Thuc nghiém va phuong phép nghién cdu
Ché tao mang ZnO

Céc hoa chat da dung trong nghién cltu: zinc acetate
dihydrate Zn(CH3CO0)2.2H:0, isopropanol
(CH3)2CHOH, etylen glycol CoHa(OH)2, ethanolamine
NH2CH2CHOH clia Trung Quéc cé do sach PA.

Cac mau mang mang ZnO trén lam kinh cé kich thudc
50 x 25 x 1 mm d& dugc ché tao bang ki thuat nhing
phu st dung dung dich téng hop bang phuong phap
sol-gel, dua trén ca s& két qua nghién cdu trudc day
cla chung t6i.[12]

Téng hop dung dich: Cho 3,2950 gam mudi zinc
axetat vao 30 mL hdén hop dung méi, isopropanol va
etylen glycol vdi ty I& thé tich 3:1, khudy hdn hgp trong
1gi & 50 °C. Khi hdn hgp ha vé nhiét d6 phong, thém
vao 1 mL ethanolamine va khudy hon hdp trong 3 gid
thu dugc dung dich. Dung dich nay dugc én dinh
trong 24 gig 3 nhiét d6 phong trudc khi dung dé ché
tao mang trén dé thay tinh.

Ché tao mang: Lam kinh dugc lam sach trong nudc,
ethanol va sdy & nhiét dé khoang 150 °C trong 30 phut
trudc khi nhing phd. BE dugc nhing-kéo vao dung
dich vdi cling t6¢ dé 50 mm/phut, sau do dugc séy &
nhiét dé 150 °C trong 10 phut. Qué trinh nhing-séy-
nhung dugc lap lai 6 lan.

Khdo sdt ddc trung cdu tric

MGt s6 dac trung ¢ ban cla vat liéu mang da dugc
khdo sat. Theo do, mang ZnO cé céu tric hexagonal

wurtzite, cac hat nano ZnO c¢ kich thudc 30-35 nm,
dé day mang khoang 250 nm da dugc xac dinh thong
qua cac phép do nhiéu xa tia X va anh SEM. Nang
lugng ving cédm (Eg = 3,16 eV) dudc xac dinh ti phé
DRS cho thdy mang ZnO hap thu manh tia tif ngoai va
mo&t phan anh séng vang kha kién.

Xdy dung dudng chudn RhB

Pha cac dung dich RhB trong nudc c6 néng do 1, 2, 4, 6,
8 va 10 mg/L. Budc séng hédp thu cuc dai (Amay) cla RhB
dugc xac dinh trén thiét bj UV-Vis Cary 60 trong ving tU
200 dén 800 nm. Phuong trinh dudng chudn mé ta su
phu thudc ciia mat dé quang (A) theo néng dé (C) cla
RhB dugc xay dung tai Ama« = 554 nm. Phucong trinh
dudng chuén dugc str dung dé xéc dinh néng dé RhB
con lai trong mau sau phan Uing quang xuc tac véi vat
liéu mang ZnO.

Khdo sdt hogt tinh quang xuc tdc:

Hoat tinh quang xuc tac ctia mau mang dugc danh gia
véi hé thi nghiém mé ta & hinh 1. Ldy 2, 4 hodc 6 dé
thuy tinh d& dugc tao mang cho vao céc cd chita 150
mL dung dich RhB ndng dé 5, 10, 15 hodc 20 mg/L, dé
trong béng t6i 30 phut cho can bang hap phu. Sau dé,
ldy 3 mL dung dich dem xac dinh méat dé quang Ao (Ao
dugc coi la mat d6 quang tai thai diém chua cé quang
xUc tac, t = 0). Tiép theo, dua den UV 5W vao dung
dich, bat chiéu sang va suc khong khi véi téc do 2
lit/phut, it sau 30 phut 1&y 3 mL mau dem do mat do
quang (Ay).

U~ 220V

g ZnO

Mang

Pen UV - 5W

ZnO

150 mL dd RhB
pH-~7

Mang
=2
=4

2W 5T Khong Khophat

Hinh 1: M6 hinh thi nghiém th{r hoat tinh quang xuc
phan huy RhB cla mang ZnO

Hiéu suat phan hly RhB tinh theo cong thic:
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C,-C

H% = —2 100%
C

0

trong do: Ao la mat dé quang ban dau tucng Ung vdi
néng do Co; A la mat do quang tai thai diém t tng vdi
nong dé G, H% la hiéu suét phan hdy RhB.

Hang s6 t6c d6 cla phan Uing phan huy RhB dugc xac
dinh duya trén phuong trinh gia déng hoc bac 1.

C
In=2 =kt
C

t

Két qua va thao luan
budng chudn RhB

Trong nghién cltu nay, phuong trinh dudng chuén cla
RhB la A = 0,22231*C - 0,00864. Phuang trinh c6 hé s6
héi quy R? = 0,998 thé hién su tuyén tinh cao gitta gia
tri mét dé quang va ndng dé cla RhB trong dai néng
do khao sat (hinh 2).

554 nm

— 10mg/L

—8mg/L

184 2" 7 6 mg/l
4 mg/l

2 mg/L

Do hap the (au.)

— Img/L

-

T T T —
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Po hap thu (a.u.)

Hinh 2: Phé UV-Vis va dudng chuén xac dinh
nong do RhB tai Amax = 554 nm

Anh hudng cta dién tich mang

Hinh 3 la két qua quang xuc tac ciia mang ZnO Vi cac
dién tich khac nhau khi phan huy RhB trong 150 mL
dung dich cé néng dé dau 10 mg/L. K&t qua cho théy
RhB khé& bén dudi bic xa cltia dén UV khi khdng cé xdc
tac, nhung lai bi phan huy manh khi cé mat xtc tac.
Trong khodng khdo sét, hiéu sudt phan huy RhB tang
khi tdng dién tich mang va tang thai gian chiéu séng.
Cu thé 1a sau 150 phut: v&i mau mang ZnO co dién tich
50 cm? dat Hi = 60,1 %, v&i mau 100 cm? dat Hz = 86,0
% va v&i mau 150 cm? dat Hs = 96,2 %. Nhu vay khi
ting dién tich mang, s& tdm xdc tac tang dan dén su
gia tang gdc tu do cho phan Ung phan hiy RhB. Két
qud la t6c do va hiéu suét clia phan Ung phan huy
tang.

—=—0cm’ W3 % __d—565q
904 —e—50cm? > "y
804 —4A— 100cm’ / 86,0%
70150 em’ / 68.79%

/
71 mip Quang / d 60,1%
50 4 phu xuc tac A

Hiéu suat phan huy (%)

-30 0 30 60 90 150 150

Thoi gian (phat)
Hinh 3: Hiéu suat phan huy RhB trong 150 mL dung
dich 10 mg/L clia mang ZnO vdi dién tich khac nhau

Hinh 4 13 két qué phé UV-Vis cac mau mang sau 150
phut chiéu sang. Két qua cho théy su gidm gia tri mat
dé quang tai cac budc séng dac trung clia RhB & 554
nm, 353 nm, 257 nm va khéng thay xudt hién cac van
hap thu la trong khoang budc song 200-800 nm. Han
thé nita, dinh hap thu cuc dai da dich chuyén vé budc
séng ngan han do su chuyén dich hé lién hgp khi moét
s6 hap phan bi pha v3. Trén cg s& nay, budc dau co
thé du doan RhB da bi phan huy thanh cac chat hiu
cd va/hodc vo ca don gian.

Ca ché clia qua trinh phan huy RhB c6 thé dugc mé ta
theo ba giai doan: Dau tién, vat liéu mang ZnO hép
thu buc xa & vung tir ngoai lam cho céc electron bj
kich thich va di chuyén tr ving hoa tri 1én ving dan (e
), ddng thai tao ra cac 16 tréng (h*) & ving hoa tri.

24

—(1): RhB- (" E
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Hinh 4: Phé UV-Vis clia RhB trong dung dich sau 150
phut chiéu den UV st dung cac mang ZnO
ZnO + hv (A < 380 nm) = ZnO(e“® + h*"8)

Sau do, trén bé mat xuc tac, cac e phan ung vai Oz
sinh ra géc tu do "0z va h* phén Uing vd&i H20 sinh ra
géc tu do "OH.

ZnOEe™“®) + O, » ZnO + "0y
ZnO(h*¥®) + H.0 - ZnO + H* + "OH
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Cudi cling, ngay lap tdc cac gbc tu do via sinh sé truc
ti€p tham gia phdn Ung oxi hod phan t& RhB da hép
phu trén bé mat mang.

HO" + RhB — chét trung gian — CO2 + H20
‘02" + + RhB — chat trung gian —» CO2 + H20

Su phu thudc cta In(Co/Cy) vao thai gian (t) dugc biéu
thi trén hinh 5. K&t qua cho thay, gia tri In(Co/C) phu
thudc tuyén tinh vao thdi gian (t) véi hé sé hdi quy cao
(r* ~ 1,0), chiing td phan tng phan hiy RhB co méat xic
tac tuan theo phuong trinh déng hoc béac 1, diéu nay la
phu hop véi qua trinh xdc tac di thé va tuong dong vdi
mét sé cong trinh d& cong bé [8-12].

35
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150 cm’

3.0

* > onm

. 2 =0.9998
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0 30 60 90 120 150
Thai gian (phiit)

Hinh 5: Phudng trinh déng hoc bac 1 phan huy RhB
cla xUc tac mang co dién tich khac nhau

Két qua trén cho thay hiéu suét phan huy va hang sé
téc dé déu tang khi tdng dién tich mang. Tuy nhién,
lugng RhB bi phan hay tinh trén 1Tm? mau mang trong
1 @i lai gidm. Day 6 thé a do s lugng photon phéat
ra khéng déi nén khi dién tich mang tang qué gidi han
sé khong tang thém géc tu do.

Bang 1: M6t s6 két qua quang xUc tac phan huy RhB
va&i mang ZnO c¢o dién tich khac nhau

Hinh 6 la két qud quang xuc tac cta 150 cm? mang
ZnO phan huy RhB trong 150 mL cé néng do khac
nhau vdi cac diéu kién khac khong déi. Nhan théy khi
tdng ndng dé tur 5 mg/L 1én 20 mg/L sau 150 phut hiéu
suat phan huy gidm, két qua nay co su tuong dong vdi
nghién ctu ctia Wajid Rehman [1].

100 { —%— 5 mg/L. 03.4% 98, 1%
90] —*— 10me/L " 96,2%
—A— IS mg/l 2%

80 —*—20mg/L
& 70 70.2%
= Hip | Quang SRR
E 60 phu xic tic //
= *
s 50 e~
= -
=
= 40 /{i 1%
Z
2 30+
=
£ 20

104

0 T T T T T T
-30 0 30 60 90 120 150

Thoi gian (phat)
Hinh 6: Hiéu suét phan huy RhB & cac nong doé khac
nhau ctia 150 cm? mang ZnO

4.0 Smg/L

10 mg/L
15 mg/L
20 mg/L|

3.5

4reonm

3.0

25

2.0

Ln(C/C,)

154
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Hinh 7: Phuang trinh déng hoc bac 1 phan huy RhB &
cac ndng do khac nhau cua 150 cm? mang ZnO

Khi ting ndng dé RhB, hiéu suét phan huy va hang sé
t6c do giam co thé la do: () khi ting ndng do RhB,
lugng phan ti RhB I6n s& can trd sy xam nhap clia cac
photon dén bé mat chat xuc tac dé tao ra cac géc tu
do "OH va Oz (i) khi ndbng dé RhB tang cao sé ngan
can qué trinh khuéch tan san phém trung gian ra khoi

Diéen  150mL  Hang s 4 sau 90 RhB b 8 e rAn o i £
tich RhB téc do ot (%) phan hay € mat mang xdc tac.
() (mg/l) __ (phat) mg/(m’.h) , o o
0 10 0,0016 122 B Bang 2: MOt s6 két qua 9uang xUc tac v&i nong do
50 10 0,0060 43,9 878 RhB ban dau khac nhau
100 10 0,0122 68,7 68,7 Dién 150 mL  Hang s6 H <au 90 RhB bi
150 10 0,0221 90,8 60,5 tich RhB t6c do ht (%) phan hay
@  (mg)  Ehat) P mgsmin
V& mau mang cé dién tich 150 cm?, hiéu suét quang 150 5 0,0261 934 31,1
xUc tac la Ién nhat nén dugc chon cho nghién clu anh 150 10 0,0221 90,8 60,5
hudng ctia néng dé RhB ban dau. 150 15 0,0164 70,9 70,9
150 20 0,0078 45,1 60,1

Anh hudng cta ndng do RhB
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Két qua bang 2 cho thay lugng RhB phan huy trén 1 m?

mau mang trong 1 gis tang 31,1 1én 70,9 mg/(m?.h) khi
tdng ndng dé RhB tr 5 dén 15 mg/L, nhung lai gidm
xuéng con 60,1 mg/(m?.h) khi ndng dé ban dau cua
RhB 1a 20 mg/L.

Khd nding tdi st dung xdc tdc

Cac mau mang sau khi quang xuc tac dugc thu hoi, sdy
3 50 °C trong 30 phut va téi st dung. Két qua sau 5 lan
thr nghiém vdéi diéu kién da néu & muc 2.2 xac nhan
hoat tinh quang xtc tac cla 150 cm? mau mang ZnO
gidm khodng 8 %, cu thé tir 96,2 % (Ian 1) xudng con
88,2 % (Ian 5). Nhu vay, vat liéu mang ZnO c6 kha nang
tai s dung nhiéu [an, pht hgp vdi dinh hudng Ung
dung trong thuc tién.

96 2 I:] Hu/n i

100 o
928 g
90.7 91.9 88.2

B @ ®
t=) =] =1
L L |

Hiéu suat phan huy (%)

15}
S
L

1 2 3 4 5

S0 lan xuc tac
Hinh 8: Hiéu sudt phan huy RhB trong 150 mL dung
dich 10 mg/L sau 5 lan st dung 150 cm® mang ZnO

K&t luén

Vat liéu mang ZnO da dudc ché tao thanh cong bang
k§ thuat nhung phu don gian.

Qua nhtng két qua thu dugc trong qua trinh thuc
nghiém co thé thdy vat liéu mang ZnO c6 kha nang
quang xUc tac tét trong phan Ung phan huy RhB dudi
blc xa cla tia UV, qua trinh phan huy tuan theo phuang
trinh déng hoc bac 1. K&t qua khado sét cling cho thdy
dién tich mang va néng dé dau cla RhB c6 anh hudng
truc ti€p dén hiéu sudt phan huy, hang s6 t6c dé phan
hly va lugng RhB bi phan huy tinh trung binh trén 1m?
mau mang dung lam xuc tac trong 1 gis. Vat liéu mang
Zn0O da ché tao co kha nang tai s&r dung, hiéu suat phan
huly RhB tuong déi 6n dinh sau nhiéu [an quang xuc tac.
Trén oG s& két qua da dat dugc, trong nhiing nghién
clu tiép theo, cac yéu t6 nhu: loai dé, dé day mang,
chi s6 tia UV, nguyén t6 pha tap va cac chat mau khac
sé dugc khao sat dé danh gia day di hon kha nang Uing
dung vao thuc tién clia vat liéu mang ZnO. Ca ché cla

quéa trinh phéan huy chéat mau hitu ca khi st dung vat
liéu mang cling sé dugc nghién clu.
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