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QUANG XUC TAC PHAN HUY METYL DA CAM VA THUOC NHUOM
RY145 SU DUNG VAT LIEU MANG ONG NANO CdS/Ti0,

PHOTOCATALYTIC DEGRADATION OF METHYL ORANGE AND RED YELLOW 145

USING A CdS/TiO, NANOTUBE ARRAYS

TOM TAT

DE cdi thién t6t hon kyj thugt quang xiic téc cho xi li va lam sach nudc thai.
Ching t6i da t6ng hop thanh cong vét liéu xtic tic quang dnh sang nhin théy
dang dién cwic mang dng nano CdS/Ti0, (Ti0, NTAs), béng cach dién cac lugng tit
(dS Ién dng Ti0, bang ky thudt hap thu Idp 1dng dong hda hoc (SILAR). Céc vét
liéu nano t6ng hop dugc dem thi hoat tinh quang xtc tac cho thdy cd kha ning
loai bd metyl da cam va RY145 trong moi trudng nudc.

Tirkhoa: (dS, Ti0,; xic tdc quang.

ABSTRACT

To further improve the photocatalytic techniques for water purification and
wastewater treatment. We have been fabricated a visible-light active
photocatalyst, CdS/Ti0, nanotube arrays (NTAs) photoelectrode, was prepared by
deposition of CdS quantum dots (QDs) using successive ion layer adsorption and
reaction (SILAR) methods onto Ti0, NTA. The synthesized nanomaterials showed
that the material was able to remove methyl orange and RY145 in water.

Keywords: (dS; Ti0,,; photocatalyst.
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1.PAT VAN BE

Trén thé giGi van dé x ly 6 nhiém chat mau hiu co
trong ngudn nudc mat, nudc thai da dugc nghién ciu, dé
cap, quan tam [1]. Cé rat nhiéu cdng nghé xi ly hiéu qua vé
mat chat lugng, tuy nhién chi phi xtr ly cao nén rat khé ap
dung dugc cho cac nha may san xuat & nudc dang phat
trién nhu Viét Nam. X{ ly loai bé chat mau hiiu ca cao trong
nguoén nudc mat la mot van dé rat cap thiét va cd y nghia to
I6n trong viéc x ly nudc sach cdp cho cac nhu cau song
cla con ngudi, ddm bao chat lugng nuéc cap va an toan
cho stic khoé con ngudi. Viéc xr ly cac chat thai nguy hai,
kho phan huy sinh hoc dang la méi quan tam va thu hat
cac nha nghién ctiu trong nudc va quéc té, viéc nang cao
hiéu qua cac bién phap xUr ly cng nhu gidm gia thanh, chi
phi,... cling la van dé rat ddng quan tam. Viéc nghién ctu
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cac vat lieu mai, vat liéu tién tién tng dung cho xa |i moi
trudng da dang va van ti€p tuc dugc dugc cac nha khoa
hoc trong nudc cling nhu trén thé gidi dic biét chu trong
quan tam. G nudc ta, su phat trién clia nganh céng nghé
dét nhudém cling véi né la sy gia tdng nguy co phat thai cac
chat thai mau hitu co, vi vay van dé nghién ctru hoan thién
quy trinh va tim ra cac bién phap xu li lam sach céc chat
thai hitu co hiéu qua, kinh té€ la van dé rat can thiét. Trong
nhiing nam gan day hé vat liéu xdc tac quang trén co sG
oxit titan va oxit kém da dugc cac nha khoa hoc quan tam
nghién cdu [2, 3]. So véi vat liéu nano loai mang, TiO, mang
6ng nano c6 dién tich bé mat riéng cao hon, qua trinh
chuyén dién tich nhanh hon va t6c dé tai két hgp cac dién
ti - 16 héng cham hon, dan dén hiéu qua va hoat tinh
quang xuc tac cla nod cao han [4]. S dung chat ban dan
CdS ¢6 nang lugng khe hep nho (Eg = 2,4eV) pha tap véi
vat lieu TiO, da phat huy tot kha nang bat gitt 4anh sang
hiéu qua trong viing anh sang nhin thdy va tang cudng tinh
chat quang dién héa cho nhiing (ng dung phan hly cac
chat doc hai trong moi trudng nudc [5, 6]. Tu két qua
nghién ctu téng hgp thanh cong vat liéu mang éng nano
CdS/TiO, trong bai bdo nay ching t6i tiép tuc nghién clu
va khdo sat hoat tinh quang xuc tac phan hay hgp chat
metyl da cam (MO) va chat mau phdm nhudém Red Yellow
145 (RY145), la chat thai doc hai trong moéi trudng nudc [7].
2. PHUONG PHAP VA NOI DUNG NGHIEN CUU
2.1. Héa chat

Tam Ti day 0,14mm, dé tinh khiét 99,7% (xuat x& Han
Quéc), NaF (98% dang hat, mau trdng, xuat xd Sigma),
NaHSO,.H,0 (98,5% dang hat, mau trdng, xuat x& Trung
Quéc), HF (dang 16ng, khong mau, xuat x& Sigma), etanol,
metanol (dang l6ng, khéng mau, xuat xi Sigma), Na,S.9H,0
98% xuat x¢ Trung Qudéc, Cd(NO,),.4H,0 99% xuat xu
Sigma, chat mau hiu co metyl da cam (MO), RY145, nudc
cét 2 1an sir dung trong suét qua trinh thuc nghiém.
2.2. Ché tao vat liéu CdS/TiO, NTAs

TiO, NTAs dugc tdng hgp theo phuang phap [5, 8]. Titan
tdm (Titan tam d0 tinh khiét 99,7% d6 day 0,14mm) kich
thudc 1x3,5cm dugc lam sach bé mat bang cach nhing
trong dung dich HF 3% trong vai lan, réi rita sach bang
nudc cat sau d6 dem anét hoa & dién thé 20(V) trong dung
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dich NaHSO,0,5M va NaF 0,1M trong thagi gian 2h. Mau thu

dugc dem rua, sdy kho sau dé cho vao 16 nung & 500°C e
trong thai gian 3h dé€ thu dugc dang anatas TiO, mang éng

nano. Dién cuc TiO, mang 6ng nano lan lugt dugc nhing I ]
trong dung dich Cd(NO;), 0,5M trong 5 phut sau dé rta BOOB oo o dee seteend mvnenie nien we dheelee
bang dung dich etanol, réi ti€p dén nhung trong dung dich
Na,S 0,5M trong 5 phat, sau d6 rua lai dién cuc bang dung
dich metanol. Méi chu ky nhu vay dugc goi la mot budc
SILAR (hap phu I&p ion va phan ting héa hoc). Nhung trong A il AR (s
vai lan dién cuc dugc vét ra va dem di sdy kho & nhiét do LA AR, NS WA D o S
50°C trong 2h. Sau d6 nung dién cuc & 350°C trong vong 60 | S B I
phut véi téc @6 tang nhiét 2°C/phut. Két quéa thu dugc la I N i A B
ché tao dugc thanh céng vat liéu c6 hinh théi cdu trac va 20 25 30 35 40 45 50 55 60 65 70 75 80
thanh phan pha nhu dugc chi ra trong hinh 1. 2 theta(degree)

1N R AR S s e RSt Ll

Intensity(a.u)

Hinh 1 A, B, C, D. Anh SEM cic mau (dS/Ti0, sau 1, 3 va 5 lan nhdng va XRD
clla mau CdS/Ti0, sau 3 lan nhing

Hinh 1D cho biét thanh phan trang thai pha cta vat liéu.
Cac pic quan sat dugc & 20 bang 25,3° tuong Ung véi pha
anatas (101) TiO, con & cac gbc 20 = 38,56° 40,3° 53,1°,
63,06 °, 70,76 ° Uing véi pha amorphous TiO, né lién quan
dén pha kim loai Ti nén. Pic quan sat dugc G 20 = 26,8 ling
vGi pha tinh thé cda hinh Idp phuong tuong Ung véi mat
phang (111) cha cac lugng ti CdS [9, 10].
2.3. Quy trinh thi nghiém danh gia hoat tinh quang xtc
tac cua vat liéu

DPé danh gia hoat tinh quang xdc tac ctia vat liéu ché tao
& day théng qua qua trinh phan huy cac chat hiu co trong
dung dich nudc ching t6i da khao sat trén doi tugng la
dung dich metyl da cam va thuéc nhuém RY145 tai pH =7
dugc diéu chinh bang NaOH 1M va HCl 1M. Két qua xac
dinh budc séng hap phu ctia MO va RY145 dugc tién hanh
do bang may quang phd hap thu ti ngoai kha kién UV-Vis
SP-3000nano (Vién Hbéa hoc - VAST) trong dai budc séng tur
200 dén 800nm.

Bén UV-A gia mat trii Hip kin

="
Bign cyre lam vilc l l l -

]

My on nhiét
Julabo U3

Bom tudin hoan i

Hinh 2. S d6 md ta hé thiét bi phan ting quang xdc tac
Qua trinh phan hty MO va RY145 dugc thuc hién béi
xuc tac TiO,/CdS dau tién dugc dat trong bong t6i 30 phut
dé dat can bang hap phu va nha hap phu ctia chat mau hitu
co trén bé mat dién cuc trong diéu kién khéng cé buc xa
anh sang. Sau d6 hé phan tng dugc buc xa biang 4 den
UVA mé phong anh sang mat trgi cong suat moi dén la
15W c6 4 - 6% tia UV (budc séng tU 340nm - 315nm),
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khoang céach tir dén dén bé dién cuc la 20cm. So d6 hé thi
nghiém dugc mo ta nhu hinh 2: Cac dén dugc dat song
song vdi dién cuc va chiéu sang vudng goc tGi bé mat dién
cuc. Ngudén bién trd ban dau duy tri & cudng d6 dong bang
0 Ampe, dién thé ban dau 0 Vol. May &n nhiét c6 vai trd én
dinh nhiét d4 cho hé théng & nhiét d6 khong déi 25°C. May
khudy tir khuay nhe dung dich & t6c d6 500 vong/phut cé
tac dung dé néng d6 dung dich dugc dao trén tranh phan
cuc néng doé trén bé mat dién cuc.

Mau dugc 18y dinh ky sau 30 phut va do phé UV - Vis dé
xac dinh hiéu suat phan hay sau thdai gian buc xa.

H la hiéu suat phan hly, dugc xac dinh bang céng thic:

Co—C Ay —A

=L 10006 = Lo 49 1000

Co Ay

V6i: A,, C, 1a cudng dé hap thu va nong dé chat mau tai
thai gian x li t (phut).

Ay, C, la cudng dé dinh pic hap thu va nong dé
chat mau ban dau trudc khi x li.

Trong thi nghiém nay qua trinh phan hdy chat mau hiu
co dugc tién hanh khao sat véi cac dién cuc va pH khac
nhau. N6ng dé cac chat hitu co dugc dem khao sét lay
bang 10mg/l d6i vai MO va 10mg/l d&i vGi RY145

3. KET QUA VA BAN LUAN
3.1. Khao sat anh huéng ctia pH

Hiéu suit phan hiuy MO phu

thuoc pH
- 50
B 40
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E
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=
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mpH =1 mpH=3 ®mpH=5 mpH=7 mpH=10 ®pH=13

Hiéu suit phan huy RY145
phu thudc pH
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o
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Hiéu suat phin hity, %
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o o

o

mpH =1 mpH=3 mpH=5 mpH=7 mpH=10 mpH=13

Hinh 3. Hiéu sudt phan hlly MO va RY145 vdi cac diéu kién pH khac nhau
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Trong thi nghiém nay, pH cGa dung dich MO 10mg/l va
RY145 10mg/I dugc diéu chinh bang dung dich chudn HCl
1N va NaOH 1N. Méi 60ml dung dich MO hay RY145 dugc
tién hanh th nghiém & cac d6 pH khac nhau pH =1, 3, 5,
7, 10, 13 st dung dién cuc CdS/TiO, vdi thai gian chiéu
sang la 120 phut. Sau khi chi€u sang K&t qua thu dugc cho
& hinh 3.

Két qua khao sat anh hudng cta pH dén hiéu suat phan
hay MO va RY145 cho thay & pH = 1 hiéu suat phan hay cta
cac chat nay la I6n nhat. Khi pH tang hiéu suat phan hay
cac hgp chat déu giam di, khi pH = 4 hay pH = 5 diéu kién
axit yéu cac ion H* phan tng véi ‘OH va dac tinh quang xuc
tac yéu di lam giam hiéu suat phan huy. Trong diéu kién
mai truding kiém khi pH = 7 - 10 cac phan ti chat mau khé
bi hdp phu l1én bé mat chat xuc tac do luc dy tinh dién do
dé toc d6 phan huay giam khi tang gia tri pH. Tuy nhién khi
pH tang lén dén pH = 13 thi hiéu suat phan hdy tang dang
ké, diéu nay dugc giai thich do cac g6c "OH tao ra nhiéu hon
va phan Ung nhanh véi cac chat mau & diéu kién pH cao.
Trong thuc t& ngudn nudc thai cdng nghiép c6 dai pH rong
nhung theo kinh nghiém thuc té nudc thai xa i thudng &
diéu kién pH=6 - 8.

3.2. Khao sat qua trinh phan hay chit mau véi cac dién
cuc xuc tac ché tao khac nhau

Qué trinh phan hiy MO va RY145 dugc tién hanh & diéu
kién pH = 7 va thuc hién nhu sg d6 hinh 4, & @6 WE la dién
cuc lam viéc cu thé & day 60ml méi dung dich MO hay
RY145 dugc tién hanh thi nghiém véi cac dién cuc TiO,,
1CdS/TiO,; 3CdS/TiO, va 5CdS/TiO,. Dau tién dién cuc dudc
Idp vao hé théng va dugc nhing trong dung dich chat mau
khudy trong 30 phut trong bong t6i réi ldy 1ml mau dem
do UV-Vis. Tiép dén, mau dugc chiéu sang ci sau 30 phut
lay Tml dung dich dem do UV-Vis mét lan. Cac két qua
nhan dugc nhu chi ra trong bang 1 va 2.

Bang 1. Két qua do UV-Vis ghi cudng do hdp thu quang dung dich MO
G cdc dinh pic tai budc song 465nm

Thei gian
. 30| 0 |30 | 60 | 90 | 120 | 150 | 180
Mau
60mi dung dich MO 221077 076 |074 073 0725|0722 |072
10mg/|

60ml dung dich MO
10mg/l va dién cuc|0,77|0,768 0,713 {0,695|0,688 | 0,6510,635 | 0,621
Ti0,

60ml dung dich MO
10mg/l va dién cuc|0,77|0,766 (0,657 |0,632|0,611|0,573{0,551|0,534
1CdS/Ti0,

60ml dung dich MO
10mg/l va dién cuc|0,77|0,763 0,598 |0,532|0,502 | 0,465 |0,436 | 0,416
3CdS/Tio,

60ml dung dich MO
10mg/Il va dién cuc|0.77|0,767 {0,578 0,549 0,535 0,513 0,496 | 0,472
5CdS/Tio,
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Bang 2. Két qua do UV-Vis ghi cudng do hap thu quang dung dich RY145 ¢

cac dinh pic tai budc song 425nm

di gian
. 30| 0 30 | 60 | 90 | 120 | 150 | 180
Mau
60ml  dung
dich  RY145(0,0910,0910,0899 | 0,0885 | 0,0884 | 0,0883 | 0,088 | 0,0879
10mg/I
60ml  dung
dich '3“?5 0,091|0,090{0,082 |0,080 |0,078 {0,073 |0,0710,068
10mg/I va dién
icTio,
60ml  dung
dich '3“?5 0,091|0,087|0,072 |0,065 |0,058 |0,053 |0,047|0,042
10mg/I va dién
e 1CdS/Tio,
60ml  dung
den BYV}S 0,091|0,087 (0,063 |0,055 |0,049 {0,041 |0,037{0,029
10mg/I va dién
e 3CdS/Tio,
60ml  dung
dich F\iY]ﬁlS 0,0910,085(0,066 0,059 |0,052 {0,046 |0,041(0,036
10mg/I va dién
e 5CdS/Tio,
60
A
50 3CdS/TiO,
40 » Scds/Tio,
* 1cdsrio,
T30 —
= TiO,
20 N
10 light
0
30 0 30 60 90 120 150 180 210 240
Thoi gian (phut)
10
B
90
80
70 3CdS/TiO,
60| 5CAS/TiO,
3 50 1CdS/TiO,
= 40
30 .
TiO,
20
10
-90 0 30 60 90 120 150 180 210 240

Hinh 4 A, B. Hiéu sudt phan hly MO va RY145 tuang ting vdi cac diéu kién

khac nhau
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Thaoi gian (phut)

TU cac s6 liéu do dac dugc bang 1 va 2 hay hiéu suat
phan hdy hinh 4 A,B cGia MO va RY145 tuong Ung ta thay: O
diéu kién ti€n hanh thi nghiém khi khéng cé xuc tac - chi
chiéu quang hiéu suat phan hiy cac chat MO bang 6,5% va
RY145 la rat thap 3,4%, ching td6 MO va RY145 la nhiing
chat khé bi phan hay. Sau 30 phut khuady ti trong béng t6i
dam bao chéac chan vat liéu bao hoa chat mau hap phu.
Néng d6 dung dich MO va RY145 gan nhu khéng thay déi
nhiéu. Sau dé cac mau dugc chiéu sang, qua trinh kich
thich quang Ién bé mat xdc tac da lam tang hoat tinh xuc
tac quang cu thé hiéu sudt phan hly cac chat tang Ién rd
rét d6i véi tat cad cac mau so véi mau khéng xuc tac. Hiéu
suat phan hdy cac chat mau vdi cac dién cuc c6 CdS cao
hon hdn so véi mau TiO,. Mau & 3 vong dién CdS cho hiéu
suat phan hdy cao nhat voi ca MO (45,97%) va RY145
(68,13%). K&t qua nay hoan toan phu hgp véi két qua
nghién ctu tinh chat quang dién & trén. Cho thay tinh chat
xuc tdc quang ctia mau dién CdS véi 3 lan cho két qua tét
nhat, két qua nay ngu y réng su tai t6 hgp cac cap dién ti -
16 tréng trong composite CdS/TiO, sinh ra bdi qua trinh
chiéu sang it hon hon so véi caéc mau khac. Bing trén co
ché xuc tac quang xét thdy cac h* sinh ra & day la nhiéu
nhat va c6 thoi gian séng lau nhat tao diéu kién phan hay
nhiéu chat mau hitu co. Khi lugng CdS nhiéu qua trinh van
tai dién tich tir CdS dén TiO, chdm lam tang co hoi tai té
hgp h*- e dan dén tinh chat xdc tac quang giam, diéu nay
cho thdy & hiéu suat phan hay chat mau thap hon déi véi
xuc tac 5CdS/TiO,.

10
9
8
6
S
= 4
3 //1;”
2 ~
1 /‘///
30 0 30 60 90 120 150 180 210 240

Thaoi gian (phit)

Hinh 5. Hiéu sudt phan hily MO va RY145 st dung xtic tac 3CdS/Ti0, sau 3 lan
lap lai

DPé danh gia dé 6n dinh lam viéc cla cac dién cuc xuc
tac quang, ¢ day st dung dién cuc 3CdS/TiO, sau khi tién
hanh phan hdy chat mau hiiu co lan thi nhat, dién cuc
dugc rung siéu am 20 phdt va rla sach bang nuéc cat 2 lan
réi tiép tuc dua vao st dung dé phan hay lan ké tiép. Qua
trinh 13p lai 3 1an cho ta két qua nhu chira & hinh 5.

Qua 3 lan 1ap lai hiéu suat xdc tac quang phan hay
RY145 gidam 5,5% (gidm tu 68,13% xudng 66,54 & lan thi
nghiém thi hai va 64,42% sau lan thit nghiém tha ba), con

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

vGi qua trinh phan hay MO thi hiéu suat giam 5,3% (giam tu
45,974% xuéng 44,29 & lan thir nghiém thd 2 va 43,502%
sau lan thi nghiém thu 3), két qua cho thay xdc tac lam viéc
kha én dinh.
3.3. Co ché phén hay chat mau

Qua trinh phan hay chat mau dugc giai thich theo co
ché& gobm cac phan tng sau:

CdS + hv — CdS (e7) + CdS (h")

TiO, (e) + 0,— TiO,+ ‘0,

CdS (h*) + H,0 — H* + 'OH + CdS

CdS (h*) + OH"— "OH + CdS

(Dye) + 'OH — San phdm phan hay

(Dye) + h*— San pham oxi hda

(Dye) + '0,”— S&n pham khr

Khi TiO,, CdS két hgp clung nhau, céc electron sinh ra
bai qua trinh kich thich quang sé chuyén tir vung dan cao
hon cta CdS xuéng vung dan thap hon cta TiO, do su khac
nhau vé muc Fermi cta TiO, va CdS. Cac electron cta TiO,,
va CdS dugc kich thich tir viing héa tri 1én vung dan. Cac
dién t& tu CdS dugc chuyén qua vung dan cta TiO, roi
phan Ung vGi cac chat nhan dién ti nhu O, hoa tan trong
nudc tao thanh "0,  [11]. Bong thai céc 16 tréng sinh ra do
su di doi clia cac dién phan ting véi H,0/0H™ tao thanh géc
"OH [12]. Nhiing g6c "OH va ‘0O,” déng vai trd quan trong
trong viéc phan hiy céc chat hiru co.
4, KET LUAN

Tu nhitng két qua nghién ciu cho thay vat Két qua chi
ra @ pH =7 sau 180 pht chi€u sang hiéu suat phan hiy cua
vat liéu mang 6ng nano 3CdS/TiO, déu cho hiéu suat phan
huay cao bang 45,97% vai MO va 68,13% vai RY145. Diéu dé
cho thay vat liéu nano xdc tdc quang ché tao CdS/TiO,
dang mang 6ng nano c6 hoat tinh quang xuc tac tét va cé
thé Ung dung cho phan hly cac chat mau hiu co MO,
RY145 va cac hgp chat hiiu co khac.
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