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TONG HOP VAT LIEU HON HOP TiO, - CAO LANH
VA HOAT TINH QUANG XUC TAC TRONG PHAN UNG
PHAN HUY NORFLOXACIN CUA CHUNG

SYNTHETIC OF TiO,/ KAOLINITE COMPOSIT AND THEIR PHOTOCATALYTIC ACTIVITY

IN REACTIVITY OF DISTRIBUTION NORFLOXACIN

TOM TAT

Vat liéu hon hop Ti0,/Kaolinite (Ti0,/Kao) da duoc tdng hop thanh cong
theo mot phuong phap don gian & nhiét d0 thép. Cac vét liéu tong hop Ti0,/Kao
duoc d& trung boi tan séc nng luong tia X (EDX), phuong phap nhiéu xa tia X
(XRD), kinh hién vi dién tir quét (SEM). Qua trinh thir hoat tinh quang x(c téc cho
thay vat liéu c6 thé loai bd Norfloxacin trong ndc.

Tlrkhda: V4t liéu hon hop, Ti0,/Kaolinite; xtc tac quang

ABSTRACT

TiO,/kaolinite composite (Ti0,/Kao) have been successfully synthesized with
a simple method at low temperature. The TiO,/Kao composite are characterized
by Energy-dispersive X-ray spectroscopy (EDX), X-ray diffraction method (XRD),
Scanning Electron Microscope (SEM). The photocatalytic activity test showed that
the material could remove Norfloxacin in water.
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1.DAT VAN BE

Hién nay, trong Iinh virc x& Iy moi truong, viéc dung cac
vat liéu cé hoat tinh xtc tac quang héa dé phan hly cac
hop chét hitu co trong nwéc dang dwgc nhiéu nha khoa hoc
guan tam nghién ctru. Cac hgp chét c6 hoat tinh quang xuc
tac da duoc nghién clru co thé ké dén gém: TiO,, SITiO,,
Fe,O,, CdS... Trong do, TiO, dugc nghién clru va st dung
nhiéu nhat vi né cé nang lvgng vung cdm trung binh,
khong doc, dién tich bé mat riéng cao, gia thanh ré, cé kha
nang tai ché, hoat tinh quang héa cao, bén héa hoc va
quang héa. Tuy nhién, phan blrc xa t&r ngoai trong quang
phd mat troi dén bé mat trai dat chi chiém khoang 4% nén
viéc st dung nguon bilc xa nay vao muc dich x& ly méi

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

Vi Thi Thu Huyén*, Tran Quang Hai*,
Nguyén Van Manh'2"

truong véi xic tac quang TiO, bi han ché. D€ ma réng kha
nang s dung nang lwgng blrc xa mat tréi vao phan (rng
guang xuc tac, can giam nang lugng vang cam cda TiO, hay
dich chuyén dé rong viing cdm cua TiO, tir vliing tl ngoai
toi vung kha kién. BEé lam duoc diéu nay cac nha nghién
clru da tién hanh bién tinh vat liéu TiO, bang nhiéu phuong
phap khac nhau nhu dua thém céac kim loai, oxit kim loai
cla cac nguyén td khac nhau nhu: Zn, Fe, Cr, Y, Ag, Ni,...
hodc cac phi kim nhu: N, C hay CNT (Carbon NanoTube), S,
F, CI [1, 2] hodc cac nguyén t6 dat hiém nhu Eu [3] hodc hén
hop cac nguyén t6 dat hiém hoac cac hgp chat nhu CoTSPc
(Cobaltetrasulfophthalocyanine) KF, SiO,, vao mang tinh
thé TiO,. Hau hét nhitng san pham duoc bién tinh ¢ hoat
tinh xdc tac cao hon so véi TiO, ban dau trong vung anh
sang nhin thay.

Trong mot vai nghién ctru gan day, kaolinite (cong thic
héa hoc: Al,0,.2Si0,.2H,0, la thanh phan khoang vat chi
yéu clia cac loai dat sét) da dwoc st dung trong viéc ché tao
cac vat liéu hon hop voi TiO, ¢6 hoat tinh xic tac quang
trong vung anh sang nhin thay va da c6 cac két qua tét.
Pang chu y la cac nghién ctru cla Yalei Zhang va cac cong
st [4] da nghién ctru tinh chat va thanh phan hén hop pha
clia vat liéu hén hop TiO,/kao lanh va da thir hoat tinh cla
né bang cach cho phan hay (30-50mg/I)ARG (Acid Red G)
va (10mg/I) 4-Nitrophenol, két qua hiéu suat phan hldy ARG
va 4-Nitro phénol khi si¢ dung ngudn dén UV cong suat
20W (buéc séng 253,7nm) déu dat cao, sau 240 phudt quang
xUc tac phan hily duwgc 90% 4-Nitro phénol. ChunquanLi va
céc cong sv [5] da sir dung axit acetic d€ hoat héa TiO, khi
tién hanh téng hop hon hop TiO,/Cao lanh dé nang cao
hoat tinh xdc tac ctia no.

Norfloxacin, (cong thirc C,gH,5FN;O;) 1a mot loai khéng
sinh thudc nhém fluoroquinolone, duoc st dung kha pho
bién & Viét Nam dé diéu tri mot loat cac bénh nhiém tring
do vi khuan. Khi bj thai ra méi truong nwac, Norfloxacin néi
riéng va céc loai khang sinh n6i chung cé kha nang tich Ity
trong co thé nhitng loai déng vat thdy sinh, gay ra sy bién
déi, chuyén hoa hodc ri loan, (rc ché sinh Iy héa tir bén
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trong sinh vat, t d6 lam anh hudng rat Ion déi voi hé sinh
thai va dan t&i suy thoai méi truong.

Trong bai bao nay, ching t6i trinh bay mot s6 két qua
nghién ctru téng hop vat liéu hén hop TiO, - Cao lanh va
danh gia hoat tinh quang xuc tac cta vat liéu ché tao qua
qua trinh phan huy chat hitu co Norfloxacin trong dung
dich nuéc.

2. PHUONG PHAP VA NOI DUNG NGHIEN CUU
2.1. Héachat

Céc hoa chat TiCl, 99% loai P; Norfloxacin C;sH;sFN;O5;
HCI 37,5%; déu xudt x& tir Trung Qudc; Cao lanh (Pha Tho,
Viét Nam); nuéc cat hai lan.
2.2.Ché tao vat liéu hon hop TiO,/Kaolinite

Hon hgp TiO, - Cao lanh dugc téng hop theo phuong
phap [4] véi mot s6 stra d6i: Bau tién TiO, dugc tao ra bang
phuong phap thiy phan dung dich TiCl, 3M trong dung
dich Cao lanh 1% (Cao lanh dwoc hoa bang dung dich HCI
0,5% tao thanh dung dich huyén phu Cao lanh). Nho tir tir
dung dich TiCl, 3M vao dung dich cao lanh dén khi dat ti I&
thich hop, khudy manh & nhiét dé 90°C trong vong 1 gio,
sau d6 dé 1ang trong vong 10 gid. HOn hop thu dwoc ly tam
va rira sach bang nuoc cat cho dén khi pH dat 2,0 - 2,5. Bot
am sau khi rira sach duoc sdy kho & 100°C r6i dem nung &
400°C trong 2 git ta dugc hdn hop TiO, - Cao lanh.

Céac mau co ti 1é ndng do Ti trong dung dich cao lanh
1% lan luot 1a tir 0 - 20 - 30 - 40 - 50mmol/l thu duoc béng
cach trén dugc ky hiéu la cac mau VL1- mau VL5 (bang 1).

Bang 1. Cac mau vt liéu ché tao.

dinh ky theo thoi gian, ly tam va do pho UV - Vis dé xac
dinh néng d6 dung dich con lai sau thoi gian blrc xa.
K 12 hdng s6 tdc dd, duoc xac dinh bang cdng thirc theo

dinh luat Langmuir - Hinshelwood: K=-n é)
0
H Ia hiéu suat phan (ng, duoc xac dinh bang cong thic:
—C
H= % X 100%

0
Véi: C, la ndng dd Norfloxacin tai thoi gian x@ li t (mg/1)
C, landng doé Norfloxacin ban dau tridc khi xt I (mg/1)

Nong dd Norfloxacin dwgc xac dinh théng qua cuong
dé pho hap thu UV-Vis thong qua viéc xay dung dudng
chuan, qua trinh duoc tién hanh nhuw sau:

Do khang sinh c6 lién két 1 lién hop nén norfloxacin dé
dang chuyén Ién mirc ndng lvgng cao hon va mic nang
lvgng d6 nam trong vang UV. Vi dic diém dé dé do khang
sinh norfloxacin si* dung cuvet thach anh va dai buéc séng
duwgc quét tir 200 - 400nm.

Can chinh xac 0,2g Norfloxacin cho vao binh dinh mic 1
lit va dinh mirc bang nudc cét, khudy déu lién tuc trong
24h, duoc dung dich Norfloxacin 20mg/l. Bao quén lanh
duéi 5°C, dung dich bén trong 1 tuan . Tt dung dich
Norfloxacin g6¢c 20 mg/l, chuan bi mét day cac dung dich
chuanc6 nongdd05-1,0-15-2,0-25-3,0-3,5-4,0mg/l
dé khao sat bwdc sdng phat hién chéat va lap duong chuan.

Bang 2. Cac mau dung dich chuén

Mau | Mau | Mau | Mau | Mau | Mau | Mau |Mau

KHM 1 2 3 4 5 6 7 8

Nong dd | Ommol/l | 20mmol/l | 30mmol/l | 40mmol/l | 50mmol/l
Mau MauVLl | MauVvl2 | MAauVL3 | MauVvl4 | MauvLs

Hoat tinh xtc tac quang clia cac mau vat liéu duoc danh
gia qua kha nang phan hdy khang sinh Nofloxacin.
2.3. Xac dinh cau truc va hoat tinh xuc tac ctia vat liéu
hdn hop TiO,/Cao lanh

Phan tich thanh phan nguyén t6 bang phuong phap tan
xa tia X (EDX) va xac dinh cdu truc hinh thai hoc bé mat vat
liéu dwoc quan sat bang chup &nh kinh hién vi dién tir quét
SEM (Scanning Electronic Microscoppy) Model Joeol
6510LV, Vién Héa hoc, Vién Han l1am Khoa hoc va Céng
nghé Viét Nam. Phuong phéap nhiéu xa tia X (XRD), thiét bi
Siemens D-500, Vién Khoa hoc vat liéu, Vién Han lam Khoa
hoc va Cong nghé Viét Nam dung dé xac dinh dac trung
cdu trac tinh thé. Cac mau xuc tac (mau VL1, mau VL2, mau
VL3, mau VL4, mau VL5) dang bot da ché tao, dugc dem
danh gia hoat tinh quang x(c tac trong phan (*ng phan huy
khang sinh Norfloxacin duéi birc xa t&r ngoai va blrc xa nhin
thay. Lugng xlc tac st dung la 2g/l, nong dé dung dich
Norfloxacin Ia 10mg/l. Hé thi nghiém dugc dat trong bong
t6i 30 phat dé dat can bang hap phu va nha hdp phu cla
Norfloxacin trén bé mat x(c tac trong diéu kién khoéng cé
btc xa anh sang. Sau d6 hé phan (ng duoc birc xa bang
dén UVA (A = 365nm, 8W, Philip - Poland). Mau duoc 18y
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Nongdo,mg/t| 05 | 1 | 15 | 2 | 25 | 3 | 35

VNorﬂoxacim ml 215 5 715 10 1215 15 17,5 20

Dinh m(c 100ml

Tién hanh quét phd day dung dich chudn bang may
guang phé UVLambar 35 trong dai budc song tlr 200 dén
400nm, thu duoc két qua nhu hinh 1.

Két qua quét phd tir 200 - 400 nm

200 250 300 350 400

—Mau 1 -Mau 2 Mau 3 Mau 4
—Mau 5 ——Mau 6 —Mau 7 ——Mau 8§

Hinh 1. Biéu db quét pha ctiaNorfloxacin tir 200 - 400nm

Tl hinh 1 trén ta nhan thdy rang phé cla khang sinh
Norfloxacin cé dinh peak hap thu cuc dai la tai buwéc séng
274nm. Nhuw vay, chon 274nm la bwéc song dé lap dudng
chuan clia Norfloxacin thu duwgc két qua nhu bang 3.
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Bang 3. Két qua do UV-Vis cac mau dung dich Norfloxacin tai biréc song
274nm

KHM |Mau1|Mau2|Mau3|Mau4|Mau5|Mau6|Mau7 | Mau8
Nongad. | o | 4 | 15 | 2 | 25 | 3 | 35 | 4
mg/l

Abs  |0,0905(0,1273|0,1685 | 0.2004 | 0.2471 [ 0,2855 | 03222 | 0,3572

Puong chuan Norfloxacin
0.4

0.35 y= - )
B 5 @
3 e
| T
| @
@ *
®
0.05
1 |

Hinh 2. Biéu db dudng chuan cda Norfloxacin

Nhuw vay, c6 thé nhan thay trong khoang da khao sat tir
0,5 — 4,0ppm, phép do trén may trac quang voi hé s twong
quan R?=0,9995 (hinh 2).

Phurong trinh hoi quy clia dwdng chuan trén la:

y =0,0769x + 0,0529
3. KET QUA VA THAO LUAN
3.1. Hinh thai cau tric va thanh phan ctia vat liéu

Hinh 3, (A, B) chi ra &nh SEM clia mau Cao lanh va mau
TiO,/Cao lanh, cho thdy mau Cao lanh ban dau sau khi dugc
sdy kho, nghién dén kich thudc lot sang duong kinh 16
0,041mm c¢6 hinh dang céu tric hon tap [6], con mau hon
hop TiO,/Cao lanh sau nung & 400°C trong 2h cho céu tric
dang I6p vay x8p mong. K&t qua phan tich XRD clia mau Cao
lanh phi tho ban dau va mau TiO,/Cao lanh sau nung &
400°C trong 2h dwoc chira & hinh 3 (B, D). Két qua nhan duoc
cho thdy trong mau cao lanh trude khi nung chita hai pha
tinh thé chinh Ia Kaolinite va Quartz. Mau TiO,/Cao lanh sau
khi nung & 400°C trong 2h quan sat thdy trong hinh 3D ta
van thdy st ton tai clia cac pha tinh thé chinh 1a Kaolinite va
Quartz ciia Cao lanh. B&én canh dé mau sau nung ciiing chi ra
pha anatase TiO, (101) & vi tri g6c 26 = 25,39° (JCPDS No. 21-
1272) va rutile TiO, (110) & vi tri géc 26 = 27,5° (JCPDS No.
04-0551). Mot s6 pick khac xudt hién & 26 = 30,8°, 36,2° quan
sat dwoc chi ra pha tinh thé brookite TiO, (211) va brookite

TiO, (102) (JCPDS No. 65-2448).
s BT T SNe Tl
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Hinh 3. Anh SEM va XRD mAu Cao lanh ban du (A, ) [6] va mau TiO,/Cao
lanh (mé&u VL3) sau khi nung & 400°C trong 2 it (8, D)

Si

-0

Hinh 4. Anh EDX méu Ti0,/Cao lanh (mAu 3) sau khi nung & 400°C trong 2 gty
K&t qua phan tich EDX (hinh 4) cho thdy trong mau
TiO,/Cao lanh chira cac thanh phan nguyén t6 kim loai Fe,
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Bang 4. Nong d0 va hiéu sudt phan hdy Norfloxacin bdi xtc tac do dwge sau 240 pht chiéu sang

Thoi MAu
gian Mau VL1 M&u VL2 M&u VL3 Méu VL4 Mau VL5
(phat) Co(mg/l) | -In(C/C)) |H(%) | C; (mg/l) | -In(C/C)| H(%) | C.(mg/l) | -In(C/C,) [H(®) | C.(mgll) | -In(C/C)| H) | C.(mg/l) |-In(C/C) |H(%)
0 985 | 0015 | 15| 975 0 25 | 93 0 |65] 98 0 2 9,68 0 |32
30 965 | 0036 | 35| 78 | 0242 | 215 | 48 | 0724 |515| 815 | 0205 | 185 | 846 | 0167 |154
60 953 | 0048 | 47| 695 | 0364 [ 305 | 375 | 098l |625| 7,75 | 0255 | 225 | 784 | 0243 | 216
90 942 | 0060 | 58| 62 | 0478 | 38 32 1139 | 68 | 68 | 038 | 316 | 693 | 0367 |307
120 | 933 | 0069 |67 | 58 | 0531 | 412 | 22 1514 | 78 | 615 | 0486 | 385 | 634 | 0456 |366
150 | 929 | 0074 | 71| 515 | 0664 | 485 | 165 | 1802 |835| 556 | 0587 | 444 | 533 | 062 |467
180 | 925 | 0078 | 75| 395 | 0929 | 605 | 155 | 1864 |845| 455 | 0787 | 545 | 485 | 0724 |515
200 | 922 | 0081 |78 | 352 | 1044 | 648 | 152 | 1884 |848| 415 | 0879 | 585 | 445 | 081 |555
240 9.2 0083 | 8 | 315 | 1155 | 685 | 145 | 1931 |855| 385 | 095 | 615 | 405 | 0904 |595

Al, Zn, Ti, Si, S, K, O va mot s6 nguyén té khac. Trong do, Ti
chiém khoang 14,23% khdi lwvgng, nhéom va silic chiém
khoadng 20%, cac bon chiém khoang 10,34%, chl yéu oxi
chiém 54,17% con lai la cac nguyén t6 khac. Lvgng oxi lién
két trong cac hop chat chiém chd yéu chiing to sy ton tai
chll yéu céc thanh phan oxit c6 trong hén hop TiO,/Cao
lanh sau khi dwgc nung & 400°C.

3.2. Xac dinh hoat tinh xtc tac

A

H(%)

) ) )
90 120 150
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Times (phut)
Hinh 5. Sy phu thudc hiéu sudt phan hdy Norfloxacin vao: (A) thoi gian chiéu
sang; (B) lvgng x(c tac st dung
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Chung t6i da tién hanh thir nghiém hoat tinh ctia xuc
tac qua phan hly hop chat Norfloxacin, két qua dwgc ghi lai
trong bang 4, hinh 5A. K&t quéa phan tich véi mau Cao lanh
khong c6 TiO, (Mau 1) so v&i mau pha 20mmol/I TiO, (Mau
2) két qua cho thay sau 240 phut chiéu sang hiéu sudt phan
hay v&i mau 1 bang 8%, con véi mau 2 1a 68,5%. Khi tang
dan ti 1é TiO,/Cao lanh cho thdy tng véi mau 30mmol/I
(méu 3) cho hiéu sudt phan hdy cao nhét dat 85,5%. Két
qua nay co thé so sanh dwgc vai mot s6 két qua nghién ciru
trwéc day. Garcia-MufiozP va cong su st dung xlc tac
Fe,0,-TiO, phan hly 10mg/L Norfloxacin khi chi€u sang
bang dén Hg cong sudt 150W burdc séng tir 200 - 600nm,
sau 120 phat phan hdy hiéu suét cao nhat dat 90% [7].
Wang X va cac cong s st dung 50mg xuc tac phirc sat/Tio,
trong dung dich chira 50ml (0,313mM) Norfloxacin va sau
3h chiéu sang béi dén Xenon 300W (cwdng dd quang
thong 140mW/cm?) budc sdng 420nm hiéu sudt phan hiy
dat 98% [8]. CO thé thdy rang hiéu sudt phan hay
Norfloxacin phu thudc vao nhiéu yéu tdé nhu: vat liéu sk
dung, buéc séng anh sang, cuong doé chiéu sang, thoi gian
chiéu sang, pH cla dung dich, lvgng dung xdc tac,... Tuy
nhién cé thé thay ré rang mot diéu la trong diéu kién anh
sanh nhin thay viéc phan hdy Norfloxacin con khé khan, do
do van dé nay can phai dwgc nghién ctru nhiéu hon nira.

K&t qua phan hiy Norfloxacin & trén ching té rang khi
c6 mat ctia TiO, trong vat liéu hdn hop TiO,/Cao lanh hiéu
sudt phan hly ting dang ké so voi mau khong pha TiO,.
Diéu nay cd thé giai thich do TiO, da phan tan t6t I1én bé
mat va cac 16 x8p, 16 mao quan ciia Cao lanh tao ra s6
lvgng tam hadp phu va quang hoat tinh 16n dan dén hap
phu va phan hidy duoc nhiéu chat hiru co. Hon nita, hoat
tinh quang xdc tac cla TiO, cao ¢ I& lién quan dén hon
hop pha ciia TiO, trong tit ca cac mau. K&t qua nghién ciru
XRD (hinh 3D) chi ra & nhiét d® nung 400°C vét liéu hon
hop TiO,/Cao lanh ton tai & cd ba dang pha véi cac muc
nang lvgng vung cadm twong tng brookite (3,26eV), anatase
(3,2eV) va rutile (3,0eV) [9]. Cau tric hdn tap anatase-
brookite va anatase-rutile tao thanh mot dai ving cam xen
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ké déu nhau (hinh 6). Cac electron sinh ra tai cac tam quang
hoat hoa béi qua trinh kich thich anh sang (UV) sé di cu tlr
anatase dén brookite va rutile do viing dan ctia anatase &m
hon brookite, cac electron dwoc tao thanh sau d6 dugc tac
dung véi O, dé tao ra O,” va H,0, va roi géc "OH duoc sinh
ra tr phan ¢ng O," va H,0,. G6c¢ ‘OH la yéu t6 chinh trong
phan (ng oxy hoa cac chéat gay 6 nhiém trong méi truong
nudc. Clng ltc cac 16 hdng (h*) sé di cu tr viing hoa tri (VB)
cla rutile va brookite dén vung (VB) cla anatase TiO,.
Chinh diéu nay c6 thé lam cham s téi t6 hop clia cac cap
electron va 16 héng lam thay déi tinh chat quang dién clia
TiO,, két qua lam tang hoat tinh cla xdc tac quang [10, 11].
Céc gbc *OH va céc 16 hdng (h*) sinh ra s& phan hiy hop
chat Norfloxacin dau tién tao thanh céc chéat oxi héa trung
gian sau d6 phan hiy thanh CO,, H,0, F va NO; nhu cac
cong trinh da cong bo [7, 8, 12]
(‘:b.‘ “ ) O
e SR
NORFLOXACIN

SCE (eV) CO; + H,0 + F+ NOy
v

\
4
0
|

cs j’;‘EC\q[‘ \ - c8 OGN, ‘,
“ \ %\ T Sho 5
VB X A . /v8 - 5 \_ AN / vB

Hinh 6. M0 ta co ché quang x(c tac vat liéu ché tao

Co ché xay ra gébm cac phan (rng sau:

TiO,+ hv—e”+h* (1)

(e7+e) +0,— 0, ()

‘0, +2H* - H,0,+ 0, (3)

H,0,— 2HO' @)

(h*+h") + H,O — H"+'OH (5)

(h*+h*)+ OH — "OH (6)

Norfloxacin + ‘OH — CO, + H,0 + F + NO; (7

4. KET LUAN

Bang viéc str dung két hop gitta TiO, nano tao ra tir qua
trinh thay phan TiCl, v&i Cao lanh chiing t6i da thanh cong
ché tao vat liéu hén hop TiO,/Cao lanh c6 hoat tinh quang
xUc tac cao trong viéc phan hdy hgp chat khang sinh
Norfloxacin trong méi truong nwdc. Bang viéc st dung
ngudn dén UV cdng suat 8W (buéc séng 365nm) va véi 2g/I
xUc tac, néng d6 10mg/l dung dich Norfloxacin trong 240
phat chiéu sang co thé bi phan hiy téi 85,5%. Nhitng két
qué thu dwoc da minh chitng rd rang xdc tac téng hop
duwoc co hoat tinh quang hoa cao. Tuy chuwa cé nhiéu két
qua nghién ctru sau hon nhung day la két qua buéc dau
trong viéc khao sat hoat tinh cla loai vat liéu hdn hop
TiO,/Cao lanh, trong thoi gian téi ching t6i sé tién hanh
nghién ctru k§ hon vé vat liéu hén hop loai nay cho nhitng
(*ng dung quang xuc tac.

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