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NGHIEN CUU UNG DUNG XUC TAC QUANG TITANATE
NANOTUBES XU LY MAU PROCION MX TRONG NUOC

APPLICATION OF TITANATE NANOTUBES FOR REMOVAL
OF PROCION MX DYE IN WATER
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Khoa Méi truong va Tai nguyén, Paihoc Bach Khoa, PHQOG-HCM
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Tom tat: Nghién ciru duoc tién hanh dé xir Iy mau cuathuéc nhugm Procion MX bang xUc tac
quang TiO, dang éng nano (TNTS). Ank hwéng cia pH trong qué trinh xiz Iy axit @én hogt tinh khe
MAU Ciia xiic tac da dwpc khao sét. Két qua cho thay pH cia dung dich axit cd dnk hwéng manh dén
kha nang khir mau cua vat liéu xuc tac. Véi thi nghiém xuz Iy mau Procion MX, xiic tac TNTs dwoC X
ly axit ¢ pH 1,6 va nung ¢ 600°C cho hiéu sudt xiz ly cao nhat, datden 100% sau 180 phut tién hanh
xir ly. Nguyén nhan c6 thé la do vat liéu TNTs dat duwroC t6i 1eu vé thanh phan cdutric pha tinh thé
ciing nhw dién tich bé mat riéng ¢ diéu kién nay. Nghlen ciru ndy gop phan vao viéc Lrng dung TNTs
nhuw la mgt cong nghé xu ly bdc cao trong xu Iy mau nuoc thai dét nhugm ciing nhuw cac hop chat hiru
co kho phdn huy sinh hoc trong méi truong nuoc.

Tarkhéa: Khir mau, dét nhudm, quang xiic tac, nuwoc thai, xue ly bac cao.

Chi sé phan logi: 2.3

Abstract: This study aims to remove Procion MX dye using titanate nanotubes as photocatalysts.
Effects of pH during acid treatment step on the decoloration activity of the synthesized materialswere
investigated. Results showed that pH strongly determined the photocatalytic decoloration activity of
catalyst materials. The TNTs photocatalyst treated at pH 1,6 and calcined at 600°C provided the
complete decoloration, the efficicency of 100%, in 180 min of experiment. And the possible reason
could be the optimum crystalline composition and specific surface area reached under this synthesis
condition. This study shows the potential application of TNTs as an advanced treatment technology for

dye decoloration in textile wastewater and other hard - biodegradable organic compoundsin water.
Keywords: Decoloration, dyeing, photocatalysis, wastewater, advanced treatment.

Classification number: 2.3

1. Giéi thigu

Trong cac cobng ty va nha may dét
nhuém, hau hét cac thuéc nhudém duoc sir
dung déu chira cac chat hitu co kho phan hiy
va c4c nhom phic mau mang ciu tric bén
vitng. Céc hop chat ndy ton tai trong nudc
thai gdy 6 nhiém nghiém trong dén moi
truong nudc cling nhu sac khoe con nguoi
[1]. Hau hét cac cong nghé xir Iy nudc thai
truyén théng nhu keo tu tao bong va sinh hoc
hién nay van chua thé xir Iy triet dé chat hitu
co kho phén hiay sinh hoc nay [2, 3]. Do do,
cac qua trinh xir ly bac cao nhu hip phy,
ozone va Fenton da dugc nghién ctru va ap
dung trong thuc té nhu:ng voi chi phi rat cao,
vuot qua tim cua cac doanh nghigp vira va
nhé vén phd bién & Viet Nam [3, 4].

Trong s6 cac phuong phap oxi hoa bac
cao, qua trinh quang xdc tac khir mau bang
vat liéu TiO2 la mot trong nhirng phuong
phap duoc nghién ciu phd bién do TiO2 Ia

loai vat ligu phd bién, khong doc, bén hoa
hoc, qué trinh quang Xuc tac it bi anh hudng
boi pH va cac mudi vo co khac [5, 6]. Trong
s6 cac loai TiO2, TNTs (vat lieu TiO2 dang
ong nano 1 - D) dd dwoc chirng minh R
twong d6i wu viét cho qua trinh quang xuc tac
do c6 do tinh thé cao cho qua trinh xc tac, ti
le chiéu daichidu rong Ion dé ting truyén
dan dién tich va giam tai hop electron — 16
trong va dién tich b mat cao cho qué trinh
hap phu [7, 8].

Trong s6 cac phuong phap ché tao
TNTs, thuy nhi¢t 12 phuong phéap phd blen
nhat do yéu cau thiét bj don gian, ré tien,
nhiét d6 phan @ng khong cao va c6 thé ché
tao voi sO hrong I6n phuc vu (ng dung thuc
té [9, 10]. Cac diéu kién trong qua trinh diéu
ché TNTs nhu loai vA ndng tién chat, nhiét
d6 va thoi gian thay nhiét, xir ly axit va nhiét
d6 nung déu cd thé anh huong dén thanh
phan, tinh chat, hoat tinh cua vat liéu TNTSs.
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Trong nghién ctru trueéc, nhom tac gia da
nghién ctru anh hwong cua nhigt do nung dén
kha nang xir ly mau cua nudc thai dét nhuom
[11]. Tuy nhién, anh huéng cua pH trong qua
trinh xir 1y axit ddi voi tinh chit va hoat tinh
vat liéu [ rit quan trong va dwoc chirng minh
qua cac nghién cau trén thé gisi [12 - 15],
nhung chua dugc thuc hién cho viéc khi
mau Procion MX.

Trong nghién cau ndy, nhom ché tao vat
litu TNTs & cac dieu kien pH khéc nhau
trong cong doan xur ly axit. Vat liéu TNTs
sau d6 duoc ung dung dé xir Iy nwée thai ty
tong hop tir thubc nhuom Procion MX. Kha
nang khir mau cia TNTs s& dugc ding dé
danh gia hoat tinh cuta vat liéu va cac tinh
chat dic trung cta vat liéu s& duoc xem xét
dé xac dinh tinh chat quan trong cho qua
trinh khir mau bang quang Xc tac.

2. Phwong phap nghién ciru

Vit lieu TNTs dwoc ché tao bang
phuong phap thuy nhiét theo quy trinh da
duoc cong bd trén thé gidi [16, 17]. Theo do,
72g NaOH (Xilong, China) va 6g bot TiO 2
(Degussa P25, Merck, Germany) dugc cho
vao binh thay nhiét véi 180 mL nuwéc cat,
khudy tan déu va sau d6 siéu 4m trong 30
phit. Binh thiy nhiét sau d6 dugce dua vao tu
sdy & 135 °C trong thoi gian 24 gio, sau do
dugc My ra va dé ngudi trong 12 gio. San
phim sau khi thay nhiét duoc loc rira bing
nuéc cat va xu ly axit trong 1000 ml dung
dich axit HNO3 (Xilong, China) ¢ cac pH
khac nhau tir 0,7 - 8, sau d6 duoc loc cho dén
khi nwdc raa loc dat pH trung tinh.

Tiép theo, san pham thu dwoc s& duoc
sdy qua dém ¢ 100°C trong ti siy va nung &
nhiét do 600°C [11] trong 2 gio bang 10 nung
va Ky hiéu la TNT - x, trong d6 x la pH cta
dung dich trong qué trinh xu ly axit.

Thi nghiém khir mau duoc thuc hién
trong thiét bi quang xic tac ting mé [11].
Trong d6, mau tong hop tir Procion MX
Reactive Dye Carmine Red 032 (Jacquard,
USA) c6 d6 mau khoang 178 - 183 P t- Co
Voi thé tich nuée 1 21 dwoc tron déu véi 0,1g
TNTs lo ling trong nuéc nho may khudy tir.
Ngudn anh sang UV duoc cung cap baoi dén
UV - A 8W (Panasonic, Japan). Mau nudc

duoc lay & céc thoi gian 0, 5, 15 phit va sau
d6 cach 15 phat. Trong 180 phit, dugc ly
tam ¢ téc d6 4000 viph vé6i 20 phut dé tach
vat liéu va sau d6 duoc dem di do do hap thu
& buéc song 455 nm bing may quang phd
DR 5000 (Hach, USA). Buong chuan nong
d6 va do hap thu ciing duoc thuc hién dé xac
dinh néng d6 cua Procion MX trong mau
nudc dua trén do hép thu do duoc.

Hiéu suat khir mau » (%) duoc tinh theo
(1) va hing sé toc @6 biéu kién Kapp (pht)
duoc tinh theo (2) chinh B d6 dbc duong
thang trong d6 thi biéu dién mdi quan hé giira
IN(Co/C) va t [18, 19].

n= C"C'Cx 100 (1)
0

C
i (2) = kyppt )

Trong d6, Co va C (mg/) la néng do
Procion MX dau vao (thoi diém 0 phit) va ¢
thoi gian lay mau t (ph).

3. Kétqua va ban luan

3.1. Anh hwéng cia pH diéu ché 1én
kha nang xir ly mau caa vat lieu TNTs

Trong qué trinh diéu ché xic tic TNTs
thi viéc diéu chinh pH trong giai doan xu Iy
bang axit c6 y nghia quan trong, anh huong
lon t6i thanh phan ciu trdc va hiéu qua quang
x(c tac cua vat liégu TNTs [12 - 14]. Thi
nghiém nay khao sat hiéu qua xt ly Procion
MX cua céc loai xic tac quang TNTs dugc
diéu ché ¢ cac pH khac nhau trong qua trinh
xt ly axit, trong ddy pH 0,7, 1,0, 1,6, 2,0,
3,0, 5,0, 7,0, 8,0. Két qua hiéu suit khir mau
va toc do phan ung tinh dwoc sau 180 phat
thi nghiém dugc trinh bay trong hinh 1. Su
bién thién ctia d6 mau nudc thai trong sudt
180 phut duoc thé hien & hinh 2.

T hinh 1 ta thiy hiéu qua xi ly Procion
MX cua TNTs sau 180 phit ting dan tir pH
0,7 (62,8%) dén pH 1,6 (100%) va giam dan
tir pH 1,6 dén pH 8 (44,8%). Sau 90 phut xi
ly Procion MX, hiéu qua xir ly cia TNTs
diéu ché o pH 1,6 da dat tiéu chuan QCVN 1
3- MT:2015/BTNMT cot A (50 Pt - Co) cho
nudc thai cong nghiép dét nhuom (hinh 2).
TNTs diéu ché ¢ pH 1, 2 va 3 lan luot xr Iy
dat QCVN sau 135, 165 va 180 phdt thi
nghiém. Trong khi TNTs diéu ché & pH 0,7;
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5; 7; 8 khong dat dugc QCVN sau 180 phut
tien hanh xur ly.

100 <= 0.05

80 - 0.04
e 2
S 60 - 0.03 &
= . < o
E 40 —¢—Hiéusvitkhtman | 0.02 8
L=}
—&—Tbc d6 phan tmg =

20 - L 0.01

0 . 0

o 1 2 3 4 5 6 7 8
pH trong qua trinh xi Iy axit
Hinh 1. Hiéu suat kh# mau va hang sé toc dé phan
ing cac logi xac tac quang TNTs téng hop ¢ cac pH
khacnhau sau 180 pht.

—— 8
_._5
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Po mau (Pt-Co)
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0 1I5 3IO 4I5 6IO 75 90 105120135150 165 1.8.0
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Hinh 2. B¢ mau theo thoi gian sir dung cac logixic

tac quang TNTs téng hop ¢ cac pH khacnhau

Két qua tir hinh 1 ciing cho thdy hing sé
tdc do phan tng Kaap cla xic tac TNTs diéu
ché & pH bang 1,6 la cao nhit, dat gia tri
0,04186, cao hon nhiéu so VGi Kaap Cla C4c
TNTs khéc. Kaap ctia xtc tic TNTs duoc diéu
ché & pH bing 8 la thdp nhat ¢ gid tri
0,00327. Tuong ty hiéu qua xir Iy, hing s6
tdc d6 phan ung Kaap ciing tang dan tir pH
0,7 d&én pH 1,6 va giam dan tr pH 1,6 dén pH
8. Hang s tdc do phan ang cang cao chang
to toc do phan wng quang xdc tac cua vat lidu
cang cao. Do d6, c6 thé két luan la xic tac
TNTs diéu ché & pH 1,6 cho kha ning xu ly
t6t nhat va xic tac TNTs diéu ché ¢ pH bang
8 ¢6 kha niang xu ly thap nhit.

3.2. Anh huéng ciia UV va vt ligu
TNTs

Bén canh vat liéu, qua trinh quang Xuc
tac la mot qua trinh két hop cong huong 1an
nhau cta hip phu va xtc tac dudi diéu kién
chiéu sang. Két qua thi nghiém hip phu (chi
cé vat liéu xic tac, khdng bat den UV),
quang hoéa (chi co6 dén UV, khong c6 vat ligu
xUc tac) va quang xdc tac (vira cO xUc tac wira
c6 den UV) duoc trinh bay ¢ hinh 3. Céc thi
nghiém ndy sir dung vat lieu TNTs diéu ché
& pH 1,6 khdng nung (chi sidy ¢ 100°C, ky
hicu TNT - 1,6 - 100) va c6 nung (nung &
600 °C, ky hiéu TNT - 1,6 - 600) dé kiém tra
anh huéng cua tinh chat vat liéu IBn hieu qua
Xt ly mau.

200
1

180 H
2160 |
o . |
2 40 | ——TNT16100
";*' —&—TNT-1.6-600 |
F 120 { —*—ChicoUV :
2 100 |

80 o |

Khoéng den UV | CédenUV
60 T T T T T T T T

0 15 30 45 60 75 90
Théi gian (phit)
Hinh 3. Anh huong cia quatrinh hdp phy, quang hda
va quang xiic tac dén khd nang khirmau cua xdc tac
quang TNTs khong nung (sdy ¢ 100 °C, TNT-1,6-100)
va c6 nung (nung ¢ 600 °C, TNT-1,6-600). Riéng thi
nghiémchico gJV duoc tiéen hanh téch,bi_égva den UV
duoc bdt 1én dong thoi véi thoi gian bar dau thuc hién
céc thinghiém con lqi.

Hinh 3 cho thay khi tién hanh thi nghiém
khong c6 dén UVA chiéu sang thi hiéu qua
xr ly mau Procion MX cua ca hai xUc tac
TNTs nung & 100°C va 600°C déu cho hieu
qua xir ly rat thip va gan nhu nhau. D6 mau
cia Procion MX sau 60 phit xt ly bat dau
twong ddi 6n dinh va giam khong dang ké
nira. 6 mau Procion MX giam tir 182 xudng
174 Pt - Co (hiéu qua khir mau 5%) khi sur
dung TNT-1,6-100 va tir 181 xubng 173 Pt -
Co (hiéu qua 3,9%) khi str dung TNT - 1,6 -
600. O day, phan ung quang Xxic tac da
khong xay ra do nguon anh sang nhin thay
théng thuong trong phong khdng thich hop
cho qué trinh quang xuc tac (ngudn sang yéu
cau cho xtic tac quang TiO2 vao khoang 365
nm, twong duong voi mic ning huong 3,2

105 120 135
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eV). Va co ché chu yéu dién ra trong thi
nghiém nay 1 qué trinh hip phu Procion MX
len bé mit cua xic tic TNTs. Mac du TNT -
1,6 - 100 Vi cau tric xop cé dién tich bé mat
cao hon khoang 6 lan so véi TNT - 1,6 - 600
[17] nhung higu qua xtx Iy mau khi khong c6
UV cua hai loai vat liéu ndy gan nhu nhau va
déu rat thap, cho thiy co ché hip phu néu
khong cé quang xuc tac s€ co dong gop han
ché trong viéc xar Iy mau Procion MX.

Sau thoi gian 60 phit hip phu, dén UVA
duoc bat Bn va hiéu qua xt ly mau cua
Procion MX tang ro rét. Sau 60 phit xa Iy,
higu qua x& ly Procion MX ting cao hon
dang ké so voi thi nghigm khong c6 dén
UVA va d6 mau Procion MX van con dang
tiép tuc giam sau 60 phit. Khi sir dung TNT -
1,6 - 100, d6 mau Procion MX chi giam tur
174 xudng 159 Pt - Co voi higu qua khir mau
khoang 8,1%, chuang to rang vat licu TNTs
khong nung chii yYéu xir Iy mau bang phuong
phap hip phu va quang hoa, con chinh kha
ning quang xic tac lai rat thap. Khi sir dung
TNT - 1,6 - 600, d& mau Procion MX giam
tir 173 xudng 84 Pt - Co Véi hiéu qua khur
mau khoang 51,7%, cho thdy qua trinh quang
xic tac dd dién ra. Nguyén nhan la do dén
UVA di chiéu photon anh sang c6 ning
lrong cao hon ning lwong ving cdm cua chat
x(c t&c TNT - 1,6 - 600 nén da kich rng
duoc phan (rng quang xdc tac. Két qua quang
xUc tac khac nhau gitta hai loai TNTs nay cé
thé [a do do tinh thé hda va ciu tric cua vat
ligu. Trong khi TNT - 1,6 - 100 ¢ dang vO
dinh hinh thi TNT - 1,6 - 100 c6 c4u tric tinh
thé anatase [17]. Thanh phan pha anatase &
yéu t6 chinh dan dén kha ning quang xuc tac
cua vat lidu khi duoc chiéu sang boi ngudn
anh sang c6 budc séng thich hop. Cac photon
c6 mirc nang hrong cao hon nang hrong vung
ciAm cua vat liéu anatase c6 thé lam tach céc
electron tr ving dan nhay Ién ving hoa tri dé
lai cac I tréng mang dién tich dwong Céc
electron sau do két hop voi oxy va 1 tréng
két hop véi nude dé lan luot tao ra cac goc tu
do 0, va OHco khi ning oxy hoa rat cao.
Cac goc ty do nay la yéu té kiém soat kha
nang quang Xic tdc va chiu trdch nhiém
chinh trong viéc oxy hoa va khoang héa hoan
toan céc hop chét hitu co trong nudc.

4. Kétluan

Nghién ctru da khao sat anh huong pH
dung dich xir Iy axit trong qua trinh diéu ché
TNTs dén hiéu qua khir mau Procion MX
trong nuwdc. Két qua cho thdy vat ligu xdc tac
quang TNTs duoc diéu ché & pH =1,6 va
nung & nhiét do 600°C dat duoc higu qua xir
li Procion MX cao nhat dén 100% sau 180
phat va dat loai A QCVN 13 -
MT:2015/BTNMT sau 90 phdt xir ly. Két
qua ciing chi ra riang qué trinh quang xuc tac
& co ché chinh cho viec kht mau. Céc
nghién ctru trong twong lai can tap trung vao
viéc bién tinh vat ligu TNTs dé dat duoc hiéu
qua cao hon vai thoi gian xir Iy ngan hon va
cac diéu chinh khac trong qua trinh diéu ché
TNTs nhu loai tién chat TiO2, nong do
NaOH va TiO2, thoi gian va nhiét @6 thuy
nhiet O
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