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Tém tit: Sy phan huy quang héa phim mau Direct Blue 71 (DB71) khi ¢6 mat chat xtc tdc FeNS-
TiO, da duoc nghién ciru. Anh huong cta cic yéu t6 thi nghiém khdc nhau nhu ngudn anh séng,
pH valuong chat XUc tdc dén sy phan huy héa hoc cling da duoc khao sit. Két qua thu duoc da chi
ra rang, cdc gid tri téi wu cua pH, ngudn dnh sdng va luong chit xiic tic cho sy phan hiy DB71,
tuong tng 13 pH = 4, ngudn sing kha kién va 0,5 g/L chat xidc tdc. Sau thoi gian phan tmg 150
phiit ¢ diéu kién tdi wu, 88,05% DB71 bi phan hity. Mttc d6 khodng hod DB71 bai chit xiic tic
téng hop dugc, da duoc xdc dinh bang phan tich téng cacbon hiru co (TOC). Két qua phén tich
TOC cho thay, hau hét DB71 bi khodng héa sau 3 gid dudi dnh sang kha kién. Sy ton tai va trang
thdi lién két ctia ctia cdc cdc nguyén td Fe, N, S trong vét lidu xic tic FeNS-TiO, duoc thé hién rd

trén phd quang dién tir tia X.

Twr khoa: Quang xtc tic, 4nh sang kha kién, Direct Blue 71, FeNS-TiO,.

1. Mé dau

Pham mau duoc st dung rdng rdi trong
nhiéu nganh céng nghiép nhur gidy, cao su, chat
déo va diac bi¢t 1a cong nghi¢p dét nhudom.
Théng thudng trong qué trinh nhuém, cdc phdm
mau khong badm dinh hét vao soi vai, nén sau
cong doan nhudm, trong nudc thai thuong ton
du mot lugng nhat dinh, thdm chi 1én t6i 50%
tong luong phélm mau dugc sir dung ban dau.
Day la thanh phan rat khé xur 1y, ddc biét la
pham mau ho azo, chiém tdi 60 - 70% thi
phan, dang dugc sit dung phd bién nhit hién
nay [1, 2]. Gan déy, cc nha nghién ctru da phat
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hién ra tinh doc hai va nguy hiém cua hop chét
ho azo d6i v6i méi truong va sirc khoe con
nguoi, dic biét ching ¢ thé giy ung thu cho
nguoi st dung [3]. Phim mau Direct Blue
(DB71) la mét trong nhiing loai ph?im mau ho
azo, dugc dung dé nhuém céc loai soi
xenlulozo, sgi viscose, viscose/PVA, bdng va
sir dung trong nganh thudc da, gidy, nhya. Vi
vdy, viéc xir Iy nudc thai chira phdm mau 1a vn
dé can dugc quan tim nghién ciru. Tuy nhién,
phidm mau néi chung va DB71 néi riéng déu rat
khé bi phan hity sinh hoc, do cau triic bén viing
va s ¢6 mat cua vong thom. Cac qud trinh xu
1y co ban (hap phy, siéu loc, tham thdu nguoc
va keo tu) khong thé giai quyét triét dé cac chat
6 nhidm ma chi ¢6 thé chuyén chit 6 nhiém tir
mdi trudng nudc sang mdi truong mdi. Mat
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khic kha ndng tdi sinh vat li¢u 1a khé khan va
gid thanh tdi sinh thuong rit cao. Mot trong
nhitng giai phdp hitu hiéu dé phan hiy hoan
toan cdc chat hiru co trong mdi trudng nudc
thanh cdc san phiam khong doc hai 1a qué trinh
oxi héa tdng cudong sir dung xtc tdc quang hda.
Theo két qua nghién ciru tong hop vat liéu xtc
tac quang FeNS-TiO, da cong bé, cdc diéu kién
t6i vu v& ham lugng Fe, N, S du:orc pha tap va
nhiét d6 nung, ciing nhu mot sé cic phuwong
phdp phan tich li€n quan t6i dac tinh vat liéu
tong hop duoc, di duge khao sit (XRD, UV-
Vis,...). Tuy nhién, chua thé x4c dinh sy ton tai
va trang thdi lién két cua cdc nguyén t Fe, N va
S trong vat liéu [4]. Vi vdy, viéc danh gid siu
hon déc trung cAu tric cta vat liéu FeNS-Ti0,
téng hop duoc & diéu kién t6i wu trén thong qua
két qua phd quang dién tr tia X (XPS), dong
thoi anh hudng cia mot sé yéu té dén qua trinh
quang phan hiy pham mau DB71 va kha ning
khoang héa DB71 bai xic tac da dugc khao sat
trong nghién ctru nay.

2. Thyc nghiém
2.1. Tong hop vt liéu FeNS-TiO

Quy trinh va diéu kién t6i vu tong hop vat
liéu FeNS-TiO, duoc thuc hién trén co s& Kkét
quéa nghién ctru di cong b [4]. Chup phd XPS
ctia vat liéu xiic tic tong hop duoc tai Vién
Khoa hoc va Cong nghé Quéc gla Ulsan
(UNIST), Han Quoc dé xéc dinh su ton tai va
trang théi lién két cua cdc nguyén to Fe, N va S
trong vat liu.

2.2. Nghién ciu cdc yéu t6 dnh hwéng dén
kha nang xuw Iy phdm mau DB71 cua vat liéu
FeNS-TiO,

a) Anh huong cua pH: Dung dich DB71
nong d¢ 25 mg/L dugc pha tir pham mau DB71,
gid tri pH cua dung dich duoc diéu chinh trong
khoang tir 3 - 8, luong xtc tic FeNS-TiO, cho
vao 1 L dung dich da pha ché 12 0,5 g. Hon hop

dugc chiéu sdng lién tuc bang den Compact 36
W (c6 phd chi yéu trong viing kha kién) trong
khoang thoi gian 150 phut, c6 khuay. Pén duoc
b tri cich bé mat dung dich khoang 20 cm.
Xéc dinh ham lugng pham mau sau phan tng,
tur d6 tim ra gid tri pH thich hop cho qua trinh
xu ly DB71.

b) Anh hieong ciia ham lirong xiic tdc FeNS-
TiO,: Ham lugng chit xic tdc thay ddi tr 0,1
g/L dén 1 g/L, pH dung dich dugc diéu chinh vé
gia tri pH t6i wu thu duwoc & muc 2.2a, thi
nghiém dugc tién hanh twong tu muc 2.2a. Sau
mdi khoang thdi gian 30 phit, iy mau dung
dich, dem loc va xdc dinh né)ng do phém
mau, tor d6 xdc dinh ham lugng xtc tac tdi
wu cho qué trinh xtr Iy DB71 béi chat xiic téc
FeNS-TiO,.

¢) Anh hwéng ciia diéu kién chiéu sdng: Thi
nghiém duogc tién hanh twong tu muc 2.2a trong
cic diéu kién chiéu sang khdc nhau: khong
chiéu sang, chiéu sdng 4nh sing mit troi va
chiéu sdng bang dén Compact 36 W & pH dung
dich thu dugc tr thi nghi€m trén (muyc 2.2a) va
ham luong chét xdc téc thu duogc tu thi nghiém
muc 2.2b. Mau dung dich dugc léy sau moi
khoang thoi gian 30 phit, dem lgc va xac dinh
ndéng d6 pham mau dé xdc dinh diéu kién chiéu
sdng thich hop cho qué trinh quang phan huy
DB71 béi chét xic tidc FeNS- TiO,.

Nong do pham mau dugc xdc dinh bang
phuong phdp tric quang, trén mdy quang phd
UV-Vis Labomed (M¥) tai Phong thi nghiém
Phan tich moi truong, khoa Moi trudong, trudng
DHKHTN, DPHQGHN.

2.3. Bdnh gid kha nang khodng héa DB71

Trinh ty thi nghi€ém duoc tién hanh nhu
md ta & muc 2.2, & cdc diéu kién tdi wu da thu
duoc tu cdc thi nghiém trén. Panh gid kha
nang khoang héa DB71 cua vat liéu FeNS-
TiO, thong qua két qua phén tich téng cacbon
hitu co (TOC) cta dung dich DB71 trudc va
sau phan tng, dugc phan tich trén may TOC-
Veph, Shimazu, tai Khoa Héa hoc, Truong
DPHKHTN, bHQGHN.
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Hinh 3. Gian d6 XPS ctia O 1s trong miu xic tic
FeNS-TiO,.

3. Két qua va thao luan

3.1. Su ton tai va trang thdi lién két cia Fe, N
va S trong vdt liéu xiic tdc FeNS-TiO,

Thanh phan hod hoc ciia mau xic tdc FeNS-
TiO, va trang thdi lién két cia cdc nguyén td c6
mit trong mau dugc dic trung bai phd XPS, thé
hién trén cac Hinh 1-6.

Két qua Hinh 1 cho thay, ngoai cic nguyén
t6 Ti, O va C mu cdn chira N, S va mot lugng
nho Fe.

Pic dic trung ctia Ti 2p trong miu xiic tic
FeNS-TiO, (Hinh 2) xudt hién tai mirc nang
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Hinh 2. Gian d6 XPS ctia Ti 2p trong mau xiic tac
FeNS-TiO,.
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Hinh 4. Gian d6 XPS ctia N s trong miu xic tic
FeNS-TiO,.

lugng 459,3 eV va 464,96 eV cho thiy sy ton
tai cua Ti(IV) trong thanh phan TiO, [5]. Piéu
nay cho thdy, sy pha tap dong thoi Fe, N va S
khong 1am bién d6i trang thai héa hoc cta TiO,.
Tuy nhién, ning lugng lién két ing voi hai pic
nay da bi chuyén dich mét chit so véoi TiO,
khong bién tinh (458,7 eV va 4644 eV). Su
chuyén dich ning luong lién két cta Ti 2p c6
thé do cdc nguyén t6 pha tap da di vao cau tric
cua TiO, [6].

Két qua trén Hinh 3 cho thdy, O 1s c6 pic
dac trung chinh tai mirc ndng lugng 530,5 eV,
turong mg voi lién két Ti-O trong TiO,, dong
thoi xuat hién pic phu tai 532,1 eV chi ra su c6
mat cida nhém O-H trén bé mat TiO, [7]. Nhém
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hydroxyl nay rat c6 ich cho sy hap phu cdc chat
hiru co hodc ¢ thé bt giit cdc 16 trong quang
sinh dé tao thanh gbc ty do OH® gitp ting hoat
tinh quang xuc tic.

Pic dic trung ctia N 1Is trong mau xic tic
FeNS-TiO, (Hinh 4) xudt hién tai mirc ning
luong 400,6 eV, dé cap dén kha ning hinh
thanh cua lién két ciia N trong O-Ti-N, diéu nay
chi ra rang, N nguyén tir di vao mang tinh thé hinh
thanh lién két va c6 sy thay thé O boi N [8, 9, 10].

Pho XPS ciia S 2p trong miu xiic tdc FeNS-
TiO, (Hinh 5) cho thdy, cdc nguyén tir S & trang
thai S* véi su c6 mit cia pic 168,9 eV c6 thé 1a
do S trong mang thay thé cho Ti** [8].

Pic dic trung cua sit ciing duoc chi ra trong
Hinh 6. Su ¢6 mét cua pic 711,5 tuong ng voi
FeIH2p3/2 diéu nay c6 thé du dodn sy hién dién
clia sdt ¢ trang thdi oxi héa Fe™. Fe™ ¢6 vai trd
bay electron quang sinh & viing dan, ngin sy téi
két hop electron va 13 tréng theo phan tng: Fe**
+ ecg — Fe?

3.2. Anh hurdng ciia pH

Két qua thi nghiém & Hinh 7 cho thay, hiéu
sudt phan hiy DB71 trong moi trudng axit cao
hon trong méi truong kiém. Hiéu suat dat duoc
cao nhat khi pH = 4. Cu thé, sau thoi gian 150
phiit, & pH = 4, lugng phim mau di bi phan hiy
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Hinh 5. Gian d6 XPS ctia S 2p trong mau xiic téc.

FeNS-TiO,.

gan nhu hoan toan (~ 90%). Piéu nay duoc giai
thich dua trén co sé tinh chét axit bazo ctia bé
mat oxit kim loai va trang théi ion héa ctia phan
t& hitu co. Trong dung dich, bé mat caa TiO,
ton tai cdc dang =TiOH, =TiOH,* =TiO". Tuy
thuoc vao pH dung dich cao hodc thap hon
diém déng dién pH pzc thi bé mit cua vat liéu
tich dién am hoac duong [11]. Bé& mat TiO, tich
dién duong trong mdi truong axit (=TiOH + H*
< =TiOH," v6i pH< pzc), va tich dién am trong
mdi truong kiém (ZTiOH + OH™ < =TiO"
+H,0 voi pH> pzc). Ngoai ra, DB71 1a phdm
nhudm anion nén tai pH cao hon diém pzc cua
TiO,, bé mat ching dugc tich dién am do dé
qud trinh hap phu s& it hon, 1am giam kha ning
tiép xtc ciia xic tdc véi phan tir DB71 nén hiéu
suét phan huy giam.

Khi pH nho hon diém pzc cta TiO,, din
dén luong H* lam tang kha ning hip phu, do
vay phan ti DB71 tlep xtc v6i tim xuc téc tot
hon nén hiéu suat phin hiy tang. Diéu nay phi
hop voi ket qua da cong bb [12]. Tuy nhién,
néu pH tiép tuc giam thap (pH < 4), khi d6 bé
mat xic tic s€ dugc tang cuong dién tich
dwong, diéu nay c6 thé din dén phim mau
anion DB71 bi hap phu véi luong 16n trén bé
mdt xudc tdc gdy can tré sy tham nhdp anh sdng
nén hiéu suét phan hay thap [11].
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Hinh 6. Gian dd XPS ctia Fe 2p trong mu xiic tdc
FeNS-TiO,.
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Hinh 9. Hiéu suat phan huy DB71 boi xc téc
FeNS-TiO, theo thoi gian véi cdc ngudn chiéu
sdng khac nhau.

3.3. Anh hieomg ciia heong chat xiic tdc

Két qua trén Hinh 8 cho thdy, khi lwong xiic
tac tang tir 0,1 toi 0,5 g/L, hiéu suat phan hiy
DB71 tang tuwong Ung tir 61,68 1&€n 88,05% va
khi ting dén 1 g/L, hiéu suét phan hiy giam con
71,36%. Két qua nay c6 thé duoc giai thich boi
khi tang lugng chét xic tic 1am ting do duc cua
dung dich, gy ra sy can quang va lam phan tan
4nh sing, do d6 hiéu sudt phin huy giam.
Luong chat xtc tic t6i vu cho qué trinh phan hiy
DB711a0,5 g/L.

Hinh 8. Hi¢u suég phéan huy DB71 theo thoi gian véi
ham luong chat xuc tac FeNS-TiO, khac nhau.

Bang 1. Gi4 tri TOC cua dung dich DB-71 chuyén
héa theo thoi gian boi xic tdc FeNS-TiO,

Thoi gian TOC Do khoang
(phnit) (mg/L)  héa (%)
Ban dau 20,56 0

30 16,23 21,06

60 12,59 38,76

120 7,03 65,81

180 4,15 79,82

3.4. Anh hieong ciia nguon chiéu sdng

Két qua sy phan huy DB71 theo thoi gian
voi cdc ngudn sang khdc nhau (Hinh 9) cho
thiy, sau 150 phut, néu khong dugc chiéu sdng,
hiéu suét xir ly gan nhu khong dang ké, nhung
khi dugc chiéu sdng bang deén compact 36W
hodc biang 4nh sdng mit troi, hiéu suit phan hiy
dat t6i 90%. Tuy nhi€n, dnh sidng mat troi
thuong khong 6n dinh, thay ddi theo thoi gian
va thoi tiét. Vi vdy, dé thu dugc két qua on
dinh, dén compact 36W duoc ding trong sudt
qud trinh nghién ctru.

3.5. Kha nang khodng hoa DB71 boi xiic tdc
quang FeNS-TiO,

Tir két qua phéan tich TOC cua dung dich
DB71 theo thoi gian xt 1y bdi chat xic tic
FeNS-TiO, duogc trinh bay trong Bang 1 cho
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thiy, theo thoi gian gid tri TOC giam manh. Cu
thé, sau 180 phiit, da giam tir 20,56 xudng con
4,15 mg/L. Nhu viy, lugng chit hitu co di
giam khoing 80%, tuong tng véi do khodng
héa dat xip xi 80%. Piéu nay chi ra, luong
phiam mau suy giam gan nhu duoc chuyén hoan
toan thanh cic hop chit vo co khong doc hai
nhu C02 va Hzo

4. Két luan

Két qua phd quang dién tir tia X cua vat liu
xtc tdc FeNS-TiO,, dd khing dinh sy ton tai va
trang théi lién két cta ciia cdc nguyén td Fe, N,
S trong vét liéu ché tao duoc.

Pham mau DB71 phén huy tt (hiéu suat dat
t6i 90%) khi c6 mit chat xiic tic FeNS-TiO,,
dudi anh séng kha kién, & gia tri pH 4 va luong
chat xdc tic s dung 1a 0,5 g/L. O diéu kién
nay, qué trinh khodng héa DB71 gan nhu hoan
toan sau 3 gid chiéu sang.

Cam on tai tro

Nghién ctru nay dugc tai tro boi ngudn
kinh phi cua Truong Dai hoc Khoa hoc Ty
nhién, trong de tai ma so TN.16.25.
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Degradations of Direct Blue 71 via the FeNS-Ti0O,
Photocatalyst under Visible Light Irradiation

Nguyen Thi Hanh, Pham Thi Ha Nhung, Duong Thi Thu Huyen, Nguyen Van Noi
VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: The photocatalytic degradation of Direct Blue 71 (DB71) accompanied by
heterogeneous FeNS-TiO, catalysts was studied. The effects of various experimental parameters such
as light source, pH and amount of catalyst on the chemical degradation were also investigated. The
results indicated that the optimal pH, photocatalyst dose and light source for degradation of DB71
were pH = 4, 0,5 g/L photocatalyst and visible light irradiation, respectively. Under the optimal
condition, 88,05% of DB71 was degraded after reaction time of 150 min. The mineralization degree of
DB71 by the synthesized photocatalysts was analyzed by total organic carbon (TOC). The result of
TOC shows that most of the DB71 was mineralized after 3 hour under visible light. The existence and
the bonding state of Fe, N, S elements in FeNS-TiO2 catalytic material are evident on X-ray
photoelectron spectroscopy.

Keywords: Photocatalysts, visible light, Direct Blue 71, FeNS-TiO,.



