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ABSTRACT

Using carbon, nitrogen, and sulfur sourced from thiourea to co-doped
TiOz (CN,S-TiOz), was prepared via hydrothermal method using
precursors of titanyl sulfate TiOSO4 obtained by decomposition of
iimenite ore in Binh Dinh. The material used to make the substrate is
glass and distributed onto it is silicone and photocatalytic. The structure
and properties of materials system were investigated by modern
physicochemical analysis methods including scanning electron
microscope (SEM), X-ray diffraction (XRD), Fourier transform infrared
(FT-IR) spectra, diffuse reflection spectroscopy UV-Vis, transmission
electron microscopy (TEM), energy-dispersive X-ray spectroscopy (EDX)
and nitrogen isothermal adsorption. The photocatalytic ability of
materials system after being carried by silicone is demonstrated by
decomposing tetracycline (10 mg/L) in aqueous solution with the yield
more than 88% efficiency after 6 hours under visible light irradiation.
The optimum dose of the photocatalyst was 0.6 g/L under visible light
irradiation. The results indicated that C, N, S co-doped TiO;
demonstrated the highest photocatalytic efficiency and a perspective
recyclable potential when it is distributed onto silicone.

Gidi thiéu chung

tang hoat tinh xUc tac quang trong vung anh sang kha
ki€n, nhiéu nghién cltu da cho thay viéc bién tinh TiO;
bang phi kim nhu C, N, P, Cl,... da dem lai nhiing uu

Trong thai gian gan day, titan dioxit dugc biét dén nhu
m&t xUc tac quang day tiém nang vi nhing thudc tinh
quang hoc va tinh chat dién t& cla né, chi phi thap,
bén vé mat hoa hoc va khong doc. Tuy nhién TiO; chi
thé hién hoat tinh trong ving buc xa tif ngoai da gidi
han khad nang Ung dung cla loai x(c tac nay. DE co thé

diém vuat tréi nhu lam gidm nang lugng ving cédm cla
xUc tac [1], tdng do nhay quang va gidm su tai két hap
electron va 16 tréng quang sinh [2]. Ngoai ra, hién nay
6 rét ft cong trinh nghién cdu thu hoi xic tac & dang
nano sau khi xir ly nudc thai. Van dé dat ra la xic tac
sau khi téng hop & van & dang nano nhung dugc gan
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trén gia thé cé kich thudc 16n o thé 1ay ra khoi dung
dich xtt ly mét cach dé dang thi s& dem dén nhing
thuan Igi trong qua trinh xr Iy nudc thai. Mudn vay can
co cac chét gan két cd nhiting dac diém nhu: gan két
t6t vdi xUc tac; khdong cé tac dung phéan huy xic tac; co
dién tich bé mat Ién. Ba cé mot sé chat mang dugc lua
chon nghién cltu nhu than hoat tinh, zeolite, bentonite,
cellulose... Bai bao nay trinh bay cac két qua vé diéu
ché vat liéu TiO, (tU ngudn quang ilmenite Binh Binh)
pha tap déng thai bdi C, N, S phu trén silicone, (ng
dung trong xt ly chat khang sinh tetracycline dugi anh
sang kha kién.

Thuc nghiém va phuang phap nghién clu

T6ng hop vt liéu

Hoa chat: Quang ilmenite Binh Binh, ancol etylic
(99,97%), thiourea, tetracycline (Cx2H25CIN2Og), HaoSO4
dac (98%), nudc cét, silicone, tdm kinh.

- Téng hop vat liéu C,N,S-TiOx:

+ T6ng hop TIOSO4 tU ngudn Ti co trong quang
ilmenite Binh Dinh theo quy trinh cla nhom chidng téi
da cong bé [3].

+ Toéng hop CN,S-TiOx Can 3,60 g TiOSO4 va
3,42 g thioure cho vao cdc thuay tinh 250 mL. Thém vao
c6c 100 ml nudc cat va dat trén méy khudy tU trong
vong 1 gid. Cho hén hgp trén vao autoclave, roi dua hé
nay vao tu thuy nhiét & nhiét do 180 °C trong 12 gid.
Sau khi thQy nhiét, autoclave dé ngudi tu nhién dén
nhiét d6 phong. Loc két tla tréng thu dugc roi ria
nhiéu [an bang nudc cat dén khi nuéc loc c6 pH khong
déi. San phadm thu dugc sdy khd 80 °C trong 3 gid va
tién hanh nung & 500 °C trong 2 gi¢ thu dugc vat liéu
TiO; phatap C, N, S.

+ Téng hop TiO; tir qudng ilmenite Binh Dinh:
Mau vat liéu TiO,» khéng pha tap cling dudc t8ng hop
tuong ty nhu mau da pha tap C, N, S nhung khong cho
thioure vao dung dich TiOSOa.

- Phan tan vat lieu C,N,S-TiO; lén silicone:

Hinh 1: D& thly tinh gén silicone (a) va dé thay tinh gan

silicone c6 phu xudc tac (b)
Chuén bi mét tdm kinh c6 dudng kinh 20 mm, day ¢& 2
mm. Sau khi bé& mat thay tinh dugc lam sach bdi hdn
hap Ko.CrO; va HzSOy, tién hanh ria lai bang nudc cat
va lau khé bang etanol 90°. Cudi cung dem di siéu am
cén than dé loai bd hét cac tap chét bam trén bé mat.
Tiép theo phu mét lugng dung dich silicone trong suét
lén bé mat da dugc lam sach. D6 day I&p silicone
khodng 2 mm. Can 0,08 gam vat liéu C,N,S-TiO, tuang
Ung cho qué trinh x&r ly 100 mL tetracycline
hydrochloride (TC) réi dé xtc tac va silicon khé tu nhién
ta thu dugc tdm vat liéu TiO, pha tap C, N, S da& gan
trén pha nén (Hinh 1).

Thi nghiém khdo sdt hogt tinh xtic tdc

Hoat tinh xUc tac dugc khdo st dua trén phan Ung
phan huy tetracycline hydrochloride (10 mg/L) vdi ti 1é
xUc tac (0,6 g/L). HOn hop dugc cho vao céc 250 mL va
khudy trong béng t8i 30 phit dé dat can bang hap
phu, sau do chiéu séng bang dén Led 40 W. Néng do
tetracycline con lai dugc xac dinh bang phuong phap
trdc quang trén may UV — Vis CECIL 2011 tai budc séng
355 nm.

Daéi vai qua trinh khao sat sy phan hay TC trén vat liéu
xUc tac da dugc ¢6 dinh trén dé thuy tinh thdng qua
silicone thi cling tién hanh tuong tu nhung thay qua
trinh khudy bang may lac dé tao su trén déu trong qué
trinh xr ly.

Phuadng phdp phdn tich

Thanh phan pha cla vét liéu dugc xac dinh bang
phuong phéap phuong phap nhiéu xa tia X (D8 -
Advance 5005), kich thudc hat dugc tinh tUr phuong
trinh Debye - Scherrer ¢ _ 0,89. A  Thanh phan
B . coso

nguyén t& trong mau dugc xac dinh bang phuong
phép phd tan xa nang lugng tia X (JEOL-JSM 6490).
Hinh thai va kich thudc hat dugc quan séat bang kinh
hién vi dién t& quét SEM (Hitachi S4800) va hién vi dién
to truyén qua TEM  (JEOL JEM-1010 Electron
Microscope). Khad ndng hép thu anh séng cta céc hé
xUc tac dugc dac trung bang phd hdp thu UV-Vis
(Tasco-V670 photospectrometer). D6 x6p va dién tich
bé mat riéng cla vat liéu dugc xéc dinh bang phuong
phap hdp phu BET. Cac nhom lién két trong vat liéu
dudc xac dinh bang phd FT-IR.

Két qua va thao luan
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Bdic trung vat liéu

TU gian d6 nhiéu xa tia X (Hinh 2) cho thdy mau TiO>
chua bién tinh va mau TiO sau khi bién tinh bai C, N, S
chi ton tai cac pic dac trung cho cdu tric TiO» & dang
pha anatase tai cac vi tri 26 = 25,26° 37,78° 38,56%
48,00° 53,90°; 53,92°% 62,52; 68,8°; 70,3° va 75,1° tuadng
Ung v&i cac mat mang tinh thé (101), (004), (200), (105),
(211), (204), (116), (220), (215). Nhu vay c6 thé thay rang
viéc s dung cac tac nhan pha tap khac nhau khong
lam anh hudng dén cau tric tinh thé cla vat liéu.

C,N,S-TiO;

TiO2

Lin (Cps)

20 30 40 50 60 70
2-theta-scale

Hinh 2: Gidn d® nhiéu xa tia X cla TiO,va C,N,S-TiO»

Hinh anh SEM cho thdy mau TiO, va C,N,S-TiO, (Hinh
3a,b) déu cé céc khdi hinh cdu trén bé mat, tuy nhién
cac mau C,N,S-TiO, c6 cac khdi hinh cdu min, s&c nét
va cdu tric bé mat x6p han.

S4800-NIHE 10.0K

Hinh 3: Anh SEM clia cac mau TiO (a); C,N,S-TiOs (b)
va C,N,S-TiO,/silicone (c)

Chiing t& khi thay nhiét cac mau C,N,S-TiO, c6 thé da
co suphatap (C, N, va S) lam bé mat cla TiO; thay ddi,
su xudt hién clia cac khéi cau cé thé lam dién tich bé
mat TiO, tang 1én dang k& va co thé lam gidm kich
thudc tinh thé. Biéu nay phu hgp vdi kich thudc udc
tinh tir gidn do XRD. Viéc tang dién tich bé mat va gidm
kich thudc tinh thé & tao diéu kién thuan Igi cho hoat
tinh xtc tac quang. O mau xtc tac gan Ién silicone
(Hinh 3c¢) cho théy cac hat nano d& dugc két dinh mot
phan bdi silicone trong sudt.

K&t qua anh TEM (Hinh 4) cho thdy mau CN,S-
TiO/silicone van & dang nano.

0.06g— CNS-Ti02003
Print Mag: 208000x @ 51 mm
9:44:35 a 0707720
TEM Mode: Imaging

—
20 nm

HV=80.0kV
Direct Mag: 100000x
EMLab-NTIHE

Hinh 4: Anh TEM mau C,N,S-TiO,/silicone

PhS UV-Vis cta TiO, va cac mau C,N,S-TiO, cho théy
tat c& mau déu co6 méat clia dai hdp phu réng & khoang
260 nm cho thay sy ton tai pha anatase. Bién hap phu
dugc md rong vé phia vung kha kién khi pha tap N, C,
S vao TiO,. Biéu nay cho théy viéc bién tinh TiO, bang
C, Nva S da gilp lam gidm néang lugng ving cdm TiO,.

Két qud phd hdng ngoai FT-IR (Hinh 6) cho thdy mau
TiO sau khi bién tinh bang C, N, S c6 su xudt hién
thém nhiéu pic dac trung cho lién két cia C N, S vdi
TiO,.Tai dinh 3396 cm™ ¢6 cudng dé dao déng manh
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dac trung cho dao déng hda tri cila nhom -OH trén bé
mat TiOz [4].

1.4
14
1.2
10 C,N,S-TiO;

0.8

Abs

0.6

0.4

0.2

0.0

500 600

Hinh 5: Phé UV-vis cla TiOz; CN,S-TiO;

700 800

Su xuét hién nhiéu nhom -OH trén bé mat TiO, giup
cho xUc tac co hoat tinh t6t hon trong qua trinh phan
hly hop chét hitu co [5]. Cac pic 1012 cm™ dac trung
cho dao déng cla lién két Ti-S khi TiO, dugc bién tinh
bai luu huynh [2]. Cac pic 1259 cm™ va 1462 cm™ tuong
Ung vdi sy hién dién cla lién két C-O va C=0 trong
nhom cacbonat [6]. Chinh cac nhdm nay phd trén bé
mat TiO, gilp tdng dd nhay quang cho vat liéu [7]. Dai
yéu & 1377 cm™ dugc dac trung cho dao déng bién
dang cda lién két N-H [8]. Ngoai ra, ving 469 - 430
cm™ Ung vdi dao déng cla Ti-O-C [1]. Thanh phén
silicone gén trén mau vat liéu cling dugc khang dinh tai
pic 1080 cm™ tuang Uing vd&i dao déng kéo dan cua cac
lien két Si-O [9]. Vung dao déng 2954 - 2852 cm’
tuong Ung vd&i dao dong kéo dan cla lién két Si-C [9].
Céac két qua nay phlu hgp vdi nhiing dat trung clia phé
EDX. Két qua phan tich phé héng ngoai mot lan nira
khang dinh su thanh cong khi bién tinh TiO, bang C, N,
S phu trén bé mat silicone.

8472020 3:38:14 PM
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Hinh 7: K&t qua phan tich EDX ctia mau C,N,S-TiOz (a)
va mau C,N,S-TiO> gan trén silicone (b)

Két qua phan tich phd EDX (Hinh 7a) cla mau C,N,S-
TiO, cho thdy chi co su xudt hién cla cac nguyén té
titan, oxy, cacbon, nitd va Iuu huynh trong mau vat liéu
TiO; bién tinh va khdng xuét hién pic ciia nguyén té la.
K&t qua phé tan xa nang lugng tia X & Hinh 7b cho théy
mau ngoai cac nguyén té chinh Ti, O va cac nguyén té
phatap la C, N, S thi con c6 su xuat hién thanh phan Si
o6 trong silicone. Diéu nay cho thdy da co su gan két
xUc tac trén silicone.

Bang 1: Dién tich bé mat va do x6p clia cac mau

...........................................................................

292023

400 3600
Tung ONU- M

Hinh 6: PhS FT-IR ctia mau C,N,S-TiOs/silicone

Dién tich e, = | Kichthudc
. N Thé tich 10 5 x

Mau bé mat ¥3p (cm?/) 16 x8p
mg | P am)

TiO; 8,8711 0,025231 15,8288
CN,S-TiO; 177,8598 0,168287 3,7487
CNSTIOS 70389 | 0079572 | 47005

silicone
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Hinh 8: K&t qua phan tich ddng nhiét hdp phu - khit
hap phu nita (BET) ctia TiO: (a); C,N,S-TiO; (b) va C,N,S-
TiOy/silicone (c)

Ké&t qua Hinh 8 va Bang 1 chi ra rang vét liéu C,N,S-TiO
c6 dién tich bé mat tuong déi I6n, tang hon so vdi TiO:
chua bién tinh. Diéu nay co thé giai thich do su pha tap
C, N, S d& gop phén lam gidm kich thudc hat, do do
dién tich bé mat tang. Khi xtc tac C,N,S-TiO, dugc gan
trén silicone dién tich bé mat bi giam moét it. Diéu nay
c6 thé dugc gidi thich do silicone da két dinh cac hat
xUc lai vdi nhau va lam tang kich hat nén dién tich bé
mat gidm. Két qua nay cling phu hgp vdéi quan sat tu
anh SEM. Nhu vay xUc tac téng hop dugc co dién tich

bé mat I6n, kich thudc 16 nho, c6 hé théng mao quan
déng déu la yéu t6 quan trong gop phan tang hoat
tinh clia xUc tac.

TU céc két qua dac trung vat liéu da cho théy su thanh
cong clia qué trinh pha tap C, N, S vao TiO, phu trén
silicone. Két qua da cho mot dy doén rang sy tap nay
sé dan dén su gidam nang lugng viing cdm cuia xUc tac
va xUc tac co thé hoat déng trong vung anh sang kha
kién. Ngoai ra su c6 mat ctia C, N, S cling cé vai tro
tdng do nhay quang va gilp gidm sy tai két hgp
electron va 16 tréng quang sinh gidp tang hoat tinh cta
x(c tac. Diéu nay md ra trién vong thu dugc xUc tac co
hoat tinh cao trong vung anh sang kha kién.

Khdo sdt hoat tinh xdc tdc quang cta vat liéu téng hop
trén sy’ phdn huy tetracycline

HTi02
(N, S-Ti02

% TC bi phan hiay
[=2}
o

1 2 3 4
Thoi gian ( gio)

Hinh 9: Hiéu suét phan hay TC clia mau TiOs va
C,N,S-TiO; theo thdi gian chiéu séang

Két qua khao sét hoat tinh xdc tac quang dudi su chiéu
sang bai anh sang kha kién (Hinh 9) cho théy hiéu suét
phan hay TC bdi vat liéu C,N,S-TiO, cao hon rét nhiéu
so vai TiO, khéng pha tap. Sau 6 giG hiéu sudt phan
hay TC cla vat liéu C,N,S-TiO, da dat 91,81%. Biéu nay
cho thdy, vat liéu TiO, khi dugc bién tinh bdi C, N, S dé
gilip gidm sy tai k&t hop electron va 16 tréng quang
sinh, tdng hoat tinh quang xuc tac tang trong vung anh
sang kha kién.

Vd&i cing mét lugng xuc tac nano khi x& ly cung mét
lugng TC nhu nhau nhung khi dé xuc tac & dang bét thi
hiéu qua xt ly cao hon dua 1én silicone (Hinh 10). Diéu
nay co thé dugc gidi thich bdi thanh phan silicone da
che khudt mét s6 tam hoat déng clia xuc tac. Tuy nhién
két qua khao sat hoat tinh quang xUc tac sau 6 gig
chiéu séng, hiéu suét phan hay TC cla vat liéu CN,S-
TiO2 gan trén silicone van con dat hiéu qua cao 81,79%.
Piéu quan trong vat liéu thu dugc co thé tach ra khoi
dung dich sau khi xr ly va tai s¢t dung mot cach dé
dang. K&t qua nay dem dén trién vong Ung dung vat
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liéu trong xU ly nudc thai.

HC, N,5-TiO2
wSilicon +C, N, S - TiO2
100
90 +
80
70
F 60
5
5 50
o
s 40
®
30
20 +
10
0 T T T
1 2 3 a4 5 6
Thei gian (gio)

Hinh 10: Hiéu suat phan hay TC cia mau C,N,S-TiO: va
C,N,S-TiOy/ silicone theo thgi gian chiéu sang

Anh huéng cia lugng xic tdc C,N,S-TiOz dén qud trinh
phan huy tetracycline

1.2 4
14
—. 08 -
-
2
< 0.6 ——C,N,5-Ti020.3g
O
o —8—C, N, S-TiO2 0.68
04 -
—&—C, N, 5-TiO2 1.0g
02 -
0 | T T T T T
0 60 120 180 240 300 360
Thei gian (phut)

Hinh 11: Hiéu sudt phan hay TC theo thai gian chiéu
sang vdi lugng xuc tac C,N,S-TiO, khac nhau

K&t qua trinh bay trén hinh 10 cho thdy kha ndng phén
hdy TC t&t nhét la 91,81% tai lugng xic tac la 0,6 g/L.
Khi lugng xtc tac tang lén thi khd ndng phan huy cling
nhu téc dd phan Ung déu gidm, do da xay ra sy can
quang bdi chinh chat xUc tac.

Khdo sdt kha ndng thu héi va tdi st dung xdc tdc

1

0.8 (c) (d)
b
@ (b)

0.6

Ct/Co

0.4

o —_—tttt—t—tt—
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440
Theri gian (phat)

Hinh 12: K&t qua phan hty TC bdi xtc tac C,N,S-TiO/silicone
sau st dung lan 1 (a), [an 2 (o), 1an 3 (¢), 1an 4 (d)

P& bén cla xtc tac trong quéa trinh phan hdy TC dudi
anh sang kha kién dugc thé hién qua Hinh 12. Xdc tac
sau khi phu trén silicone va dugc dan trén miéng thiy
tinh sau nhiing 1&n s& dung chi can lay ra khoi dung
dich, rira bang nudc ma khéng can x ly gi thém. Két
qua cho thdy xuc tac van thé hién hoat tinh t&t sau 4
[an s&r dung. Nghién cu nay da cho théy xuc tac C,N,S-
TiO> gan trén silicone la mét vat liéu xtc tac quang hda
co6 dd bén cao, phu hop khi Ung dung vao thuyc tién
trong xU ly nudc thai.

K&t luan

Su bién tinh vat liéu nano TiO; (dudc diéu ché tu quang
ilmenite Binh Dinh) bdi C, N, S da cai thién dang ké tinh
chét xuc tac quang cla vét liéu. Su dua C, N, S vao TiO;
da gilip ngan su tai két hgp electron va 16 tréng quang
sinh, chuyén ving hoat déng clia xtc tac tU ti ngoai
sang kha kién, tang dé nhay quang cho xuc tac. Xdc tac
sau khi dugc phu trén silicone khéng lam gidm nhiéu
hoat tinh cla xdc tac, nhung cé thé hoan nguyén dé
dang va tai st dung tét. Biéu nay md ra trién vong Ung
dung xuc tac trong xtr ly nudc thai trén thuc té.

L&i cam on
Nghién cltu nay dudc tai trg bdi BO Gido duc va Bao
tao Viét Nam trong dé tai khoa hoc cong nghé vdi ma
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