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Tém tat. Bai bdo nay trinh bay két qua tong hop phtic titanium peroxide va hoat tinh quang xtc téc cta
hé TiO2/g-CsNa. Vat liéu dwoc ddc trung béng phuong phép quang phé phan xa khuéch tan tr ngoai kha
kién, nhiéu xa tia X, hién vi dién t&r quét, hién vi dién t& truyén qua va phd hong ngoai. Phikc titanium
peroxide ¢6 ham lwong TiOz2 cao va hé TiO2/g-CsNa véi ty 1€ 1:1 (k1) ¢6 hoat tinh xtc tac quang t6t. Day
la vat liéu tiém nang cho xtt ly nuedc thai 6 nhiém.
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Abstract. This paper presents the synthesis of the titanium peroxide complex and the photocatalytic
activity of the TiO2/g-CsNs system. The prepared materials were characterized by using UV-Visible
Diffuse Reflectance Spectroscopy, X-ray diffraction, scanning electron microscopy, transmission electron
microscopy, and Fourier-transform infrared spectroscopy. The titanium peroxide complex with high
TiO2 content and the TiO2/g-C3Na system of 1:1 (w/w) has good catalytic activity. This material can be
used in polluted-wastewater treatment.
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1 Mo dau

Mot trong nhitng nguy co de doa nghiém
trong dén sy ton tai cua sinh vat trén trai datla 6
nhiém moi treong. O nhiém moéi treong 1a tong s6
cac chat 6 nhiém ton tai trong nudc, khong khi va
trén dat. Cac chat 6 nhiém tdc dong nguy hai déi
v6i stic khoe ctia con nguoi va nhiéu loai sinh vat
trén Tréi dat [1, 2]. Trong s8 cac chat gay 6 nhiém,
cac chat gay 6 nhiém vat ly, héa hoc va sinh hoc 1a
nhitng ngudn 6 nhiém chinh [1]. Trong s& cac chat
6 nhiém héa hoc, thudc nhudm tdng hop va cac
hop chéat dugc pham la nguyén nhan chinh gay ra
6 nhiém hiru co [3-8]. Hién nay, cdc hop chat hitu
co nay dugc sit dung véi mot luong rat 1on va gay
ra nhiéu mdi nguy hiém cho sttc khoe khi tiéu thu

truc tiép hodc gian tiép.

Cé nhiéu phuong phép khac nhau dé€ phan
hty cac chat 6 nhiém hitu co nhu vat ly, hoéa hoc,
sinh hoc [5]. Trong d6, phan huy quang xtc tac la
mot qua trinh héa ly thu hat nhiéu sy chti y do kha
nang xt ly hiéu qua cac chat & nhiém hiru co ton
tai trong nedc hodc trong moi trieong 16ng. Phuong
phap nay khong tao ra cac san phdm ddc hai va né
stt dung ndng lwong tai tao, nhw dnh sang mat troi,
dé thyc hién phan t¢ng. Chi phi thdp va hiéu qua
cao cua phuong phap quang xtc tac da lam cho
TiO:2 trd nén hap dan hon. Phwong phap nay do
Fujishima va Honda phat trién vao nam 1972 va
ung dung dé tach nude trén dién cue TiO: khi chiéu
xa UV [6]. TiOz1a chat khong ddc hai, ré va doi dao.

Tuy nhién, TiO2 c6 mét s6 han ché nhu néng
lwong vung cdm rong nén chi thé hién tinh quang
xuc tac khi dwoc kich thich béng bttc xa tit ngoai,
ma phan nay chiém rat nho (<5%) nang luong biic
xa mat troi. Ngoai ra, cgp electron — 16 tréng quang
sinh phat sinh trong TiO: dé tai t& hop. Vi vay, dé&
vat liéu TiOz ¢ hoat tinh quang xtc tac trong vung
anh sang kha kién, viéc pha tap kim loai hodc phi
kim thuong tao ra viing chuyén tiép gitta ving hda
tri va vung dan|[7]. g-CsNslamot loai vat liéu thudc

nhom CsNa véi cdu tric twong twe graphite [8]. Vat
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liéu nay c6 nang luegng ving cdm nho, ¢ kha nang
dan dién va d0 bén co hoc cao nén la chat 1am nén
ly twong dé tao ra cac composite c6 kha nang tng

dung trong linh viec xtc tac [9].

Mat khéc, cac tién chat ctia TiO:2 nhu TiCls,
alkoxide titanium rat dé bi thay phan trong moi
treong am gay ra két tua cuc bo [10] nén rat kho
diéu khién ham lwgng dwa vao trong cac composite
chtta TiO2. Mt trong nhitng huéng khic phuc d6
la tao ra cac phtic titanium peroxide hoa tan trong
nudc. Nghién ctru nay trinh bay két qua tdng hop
phtic titanium peroxide va hoat tinh quang xtc tac
cta hé TiO2/g-CsNa.

2 Phuong phap

2.1 Hoéba chat va thiét bi

Céc hda chét stt dung trong nghién cttu bao
gom bot titanium dioxide (TiOz) (Merk 99%, Drc),
sodium hydroxide (NaOH), hydrochloric acid
(HCl), hydroperoxide 30% (H202) (Guang zhou,
Trung Qudc), xanh methylene (CisHisCINsS) va
melamine (CsHsNe) (Merck KGaA, Dric).

Cac thiét bi duoc st dung trong nghién cttu
bao gom may siéu am, tu sdy, 10 nung, can phan
tich Precisa XB 220 (Thuy si), may khudy ttt, may
ly tam, dau do siéu am cong suat kiéu hoi tu (28
kHz, 150 W), dén Osram (160 W, 240 V). Mau vat
liéu nghién cttu dugc dic trung bang XRD, ghi trén
mdy D8 Advance Eco (Bruker, Dtic), dng phat tia X
bing Cu véi bude séng A =1,5406 A, dién 4p 40 kV,
dong 25 mA, cdng sudt 1000 W, nhiét do phong.
Pho hong ngoai (IR) duoc do trén may Nicolet IS
10. Pho UV-Vis-DR duoc do trén may JASCO-V670
v6i bude séng tir 200 dén 800 nm. Anh SEM duoc
ghi trén may SEM JMS-5300LV (Nhat) 6 10 kV.
Anh TEM duoc ghi trén méay JEOL JEM - 2100F &
80 KV. Pho UV-Vis duoc do trén may UViline 9400
va may Analytik Jena AG - SPECORD 50 UV-VIS
spectrophotometer vdi cuvet thach anh.
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2.2 Téng hgp vat liéu

Téng hop phirc titanium peroxide bing phirong
phdp thuy nhigt — siéu dm: Phan tan 0,25 g bot TiO:2
thwong mai vao 12,5 mL dung dich NaOH 10 M.
Dung dich nay tiép tuc dugc xit ly bang siéu am
trong thoi gian 30 phut d& bot TiO2 dé phan tan.
Sau d6, chuyén toan bo dung dich vao binh Teflon
roi thuy nhiét ¢ 130 °C trong 10 gio. Sau khi lam
mat & nhiét do phong, dem ly tim va rira bang
nudce cat va dung dich HC1 0,1 M. San phdm sau dé
duoc sdy kho ¢ 80 °C trong hai gio. Sau do, san
phdm dugc hoa tan bang dung dich H202 & 90 °C
va khudy trong mot gio. Dung dich thu duoc ¢6
mau vang dong nhat (c6 thé 6n dinh dung dich &
nhiét d6 thap hon 10 °C). San phdm thu duoc la

dung dich phtrc titanium peroxide.

Thé tich H202 vanong d6 dung dich NaOH
stt dung trong nghién cttu la 15, 20, 25, 30, 35 va 40
mL va 5, 10, 15 va 20 M. Ham luong TiO: trong
dung dich phitc dwgc xac dinh béang phuong phéap
phan tich khéi luong.

Tong hgp g-CsNa[11]: Can 5 g bdt melamine
va nghién min bang c8i ma nao. Sau d6, cho mau
vao cdc st va nung 6 500 °C trong bon gio. D€
ngudi dén nhiét d6 phong, nghién min thu dwgc

san pham.

Téng hgp TiO2/g-CsNs: Phéan tan dung dich
phtic titanium peroxide sau khi t6i wu hoa va bot
melamine theo ti 1¢ 1:1 vé khéi lwgng dudi su hd
tro cua siéu am, sau d6 nung ¢ 500 °C trong bon
gio. b€ ngudi dén nhiét do phong, nghién min thu
duoc san pham.

2.3  Khao sat hoat tinh xtic tac quang

Hé phan ¢tng gobm may khudy ttt, binh tam
giac, quat thong gio va den day téc duoc dat trong
thiing gd (20 x 40 x 40 cm), khoét ctta & phia trén.
Khoang cach tir den dén binh dung dung dich
phan ting 1a 7 cm. Nhiét d phan ting duoc gitr 6n
dinh ¢ 25 °C nho quat thong gié gén & géc bén ctia
thung go.

DOI: 10.26459 /hueunijns.v131i1A.6415

Hoat tinh xtc tac quang dwoc danh gia dwra
trén kha nang phan hay xanh methylene (MB)
dwdi tac dung caa den day téc. Can 0,02 g TiO2/g-
C3Ns cho vao binh tam giac chita 100 mL dung dich
MB 10 ppm; day kin binh, khudy tir trong 40 phut
trong bong t8i d€ qud trinh hdp phu dat can bang
(5 mL mau dwoc 1ay ra, ly tam, loc bo chat xuc tac,
nong d6 MB con lai trong dung dich dwoc xac dinh
bang quang phd hdp thu UV-Vis, Amax = 670 nm).
Sau d6 chiéu sang va 5 mL dung dich mau duoc
rut ra dinh ky tai cac khoang thoi gian duoc thiét
1ap, sau d6 ly tam, loc bo chat xdac tac va do do hap

thu nhuw trén.

3  Két qua va thao luan

3.1 Tong hgp phiic titanium peroxide

Dung dich phtic titanium peroxide tong hop
v6i cac thé tich H20:2 khac nhau dwgc trinh bay ¢
Hinh 1.

Khi thé tich H20:z tang, mau vang ctia dung
dich dam dan va ham luong TiO: ting dan. O thé
tich H20: bﬁmg 35 mL thi ham lwong TiO2 dat cuc
dai 2,02 mg-L+, sau d6 giam khi tiép tuc tang thé
tich H202 (Bang 1). Chinh vi vay, thé tich 35 mL
H20: dwgce st dung cho céc thi nghiém tiép theo.

> ’_"_,. 43- LS :;_“9:?

Hinh 1. Cac dung dich phtic titanium peroxide theo thé
tich H202

Bang 1. Ham luong TiO: trong cac dung dich phtrc
titanium peroxide tng véi thé tich H202 khac nhau

Thé tich H20: hoa tan Ham lugng TiO:
(mL) (mg-mL-")
15 0,85
20 1,46
25 1,51
30 1,96
35 2,02
40 1,78
37
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Két qua nghién cttu anh hudng ctia ndong do

dung dich NaOH dén kha nédng tao phtc TiO: hoa Bing 2. Ham hugng TiOz ting véi ribng d6 dung

tan dugc trinh bay ¢ Hinh 2. dich NaOH khac nhau
Do hoa tan ctia dung dich tang theo nong do Nong dé dung dich Ham luong TiO:
dung dich NaO va ham lwong TiO: ting dan (Bang NaOH (M) (mg-mL-)
2). Tai néng d6 20 M, dung dich c6 mau V‘al:lg dam 5 0.75
nhdt va trong sudt, khong con hién tuwgng lang cin
nhu céc ndng d6 5, 10 va 15 M (Hinh 2) va céc thi 10 202
15 2,83

nghiém khao sat thé tich H202 néi trén. Chinh vi
vay, nong d6 dung dich NaOH 20 M duoc st dung 20 4,62

cho cac thi nghiém tiép theo.

Intensity / cps

20 30 40 50 60 70 80

2 - Theta / degree

TiO2 20M ® (b)

002)

40

Hinh 2. Cac dung dich phttc titanium peroxide theo
ndéng d6 dung dich NaOH

30

Intensity / cps

3.2 Ténghop hé TiO2/g-CsNa

100)

Hinh 3 trinh bay gian d6 XRD cua TiOg,

g_C3N4 V‘a TiOz/g-C3N4. 10 20 30 I 50 60 70 80
2 - Theta/ degree

Hinh 3a cho thay peak thit nhat c6 cuong do
manh ¢ 25° tiong tng véi mat (101) va c6 cac peak
tiép theo ¢ 37,48, 53, 55, 62, 68, 70 va 75° tuong tng ©)

25+

(101)

voi cac mat dac trung cta TiO: dang anatase
(JCPDS No. 21-1272). Hinh 3b cho thay hai peak &
13 va 27° teong tng v6i mat (100) va (002) cta g-
CsNs4 (JCPDS No.87-1526). Hinh 3¢ cho thdy mot
peak & 27° ctia g-CsN4 va cdc peak ddc trung cd

20+

154

Intensity / cps

lebng d6 manh cuaa TiO2 [12, 13] Nhuw Véy, két qUé 20 30 40 50 60 70 80
gian d6 nhiéu xa tia X (XRD) cho thay cac peak 2-Theta/ degree

nhiéu xa xudt hi¢n 13, dinh nhiéu xa sc nét va Hinh 3. Gian db XRD ctia a) TiO2 b) g-C:Ni v o)
cuong do nhieu xa kha cao, ching té vat liéu TiO2/g-CsNs

TiO2/¢-CsNa ¢ d9 két tinh cao.
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Hinh 4 trinh bay phé hong ngoai (IR) cua
TiOz, g-C3Ns va TiO2/g-CsNs. Trén pho IR cua
TiO2/g-CaNas xuét hién cac peak c6 s6 song trong
vung 1116-1698 cm va 3000-3500 cm-!, minh
chiing su ¢ mat cta g-CsNs4 trong vét liéu. Bén
canh do6, peak tai s6 song 486 cm la tin hiéu ctua
lién két Ti-O-Ti [14]. Nhu vay, két qua phd IR da
chting minh dwogc s c6 mat cua TiO2 va g-CsNa
trong composite TiO2/g-CsNa. Hinh thai ctia TiOz
va TiO2/g-CsNa dugce trinh bay trén Hinh 5. Két qua
cho thay su cung ton tai cua cac hat nano TiO2 &
dang cau duong kinh khoang 10-20 nm va phan

tan trén cac tdm nano g-CsNa.

IMS-NKL 5.0kV 4.2mm x100k SE(M)

T rans mitkance § %

afoy —9CMN

—Tiz-Caly 455

4000 000 2000 100 =
Wave number / cm?

Hinh 4. Phé IR caa TiO2, g-CsNa va TiOz/¢-CsNa

Hinh 5. a) Anh SEM cta TiO2va b) Anh TEM ctia TiO2/g-CsNs

Dé€ dac trung cho kha nang hap thu anh sang ¢ viing kha kién, chung t6i stt dung phd khuéch tan-

phan xa UV-Vis (Hinh 6).
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Hinh 6. a) Phd khuéch tan phan xa UV-Vis va b) ndng luong viing cdm tinh theo phwong trinh Tauc ctia g-CaNs, TiO2
va TiO2/g-C3sNa

C6 thé thdy peak cuc dai ctia TiO2 nam trong
vung anh sang t ngoai, va so voi TiOz, vung hap
thu cua composite TiO2/g-CsNs chuyén dich vé
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vung cua anh sang do do su ghép doi cua TiO2voi
¢-C3Na. Diéu nay cho thay viéc dwa g-CsNsvao TiO:z
gop phan tang cuong su hdp thu 4nh sang kha kién
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cua TiO2/g-CsN4 (Hinh 6a). Nang luong ving cam
tinh theo phuong trinh Tauc ctia TiOz, g-C3Na va
TiO2/¢-CsNa4 lan luwot 1a 3,1, 2,6 va 2,7 eV (Hinh 6b).
TiO:2 véi ndng luong vung cdm 3,1 eV tuong duwong
budc séng 396 nm thudc vung tit ngoai. g-CsNa4 co
nang luong vung cam thap (2,6 eV) nén kha nang
tai két hop cdp electron - 13 tréng quang sinh cao.
Vi vay, su két hop cua g-CsNa v6i TiO2 (¢b Eg = 2,7
eV tuong duong budc song 458 nm) sé tao diéu
kién thuan loi cho su kich thich electron tit ving
héa tri 1én ving dan lam cho kha ning xdc tac

quang tang lén so vdi vat liéu TiO-.

3.3 Hoat tinh xtc tac quang

Két qua khao sat anh huong caa thoi gian
dén sy mat mau cta vat liéu TiO2/g-CsNs dudi tac

dung ctia den day téc dugc trinh bay trén Hinh 7.

Trong bong t6i, TiO2/¢g-CsNs c6 kha nang hap
phu (65%) cao hon so v6i cac hé thanh phan (41 va
37% twong tung véi TiO2 va g-CsNa). Sau khi chiéu
sang 100 phat véi TiO2/g-CsNs, dung dich mat mau
hoan toan (gan 100%), con khi chiéu sang véi TiO:z
va g-CsNu thi dung dich van con mau (80% va 56%).
biéu nay ching to vat liéu t6 hop TiO2/g-CsNa ¢
kha nang hap phu va xac tac quang hoda t6t, cao

hon so v6i cac hé thanh phan g-CsNs va TiOs.

10 Boéng ti Chiéu sang
—=—TiO,
—o—g-C3N,
—— Ti0,/g-C;N,

C/mg.L?

/

0 20 40 60 80 100
t/min
Hinh 7. Anh hudng cta thoi gian dén sw phan
htly mau cua xtc tac TiO2/g-CsNa (Diéu kién: V=
100 mL; Cooey= 10 ppm; mxictsc = 0,02 g; thoi gian
chiéu sang: 100 phut, nhiét d6 phong)

40

bong hoc quang xtc tdc cta su phan huay
MB trén hé TiO2/¢-CsNs trong bong t6i va khi chiéu
sang duoc trinh bay trén Hinh 8.

Két qua phan huy MB vé6i TiO2/g-CsNs &
Hinh 8 cho thdy ¢ hau hét cac ndong do khao sat,
giai doan hdp phu déu dat bao hoa sau 20 dén 40
phat. Khi chiéu anh sang dén 100 phat thi néng do
dung dich MB giam xudng con lai 3,9, 7,0, 8,7 va
10,5 ppm ting v6i cac nong d6 ban déau 15, 20, 25 va
30 ppm. Nhuw vay, TiO2/g-CsNa4co hoat tinh xtc tac
quang héa dwdi tac dung ctia anh sang kha kién.

Bong ti C,  Chiéu sang

30+

25 —=— 15 ppm

—e— 20 ppm
20 < —&— 25 ppm
—v— 30 ppm

e

0 20 40 60 80 100
t/ min

C/ppm

Hinh 8. Bong hoc quang xtc tac cua su phan hay
MB trén hé TiO2/g-CsNs trong bong t6i va khi
chiéu sang (Biéu kién: V=100 mL; Coqvs) = 15+30
ppmy; mxictic = 0,02 g; thoi gian chiéu sang: 100

phut, nhiét d6 phong)
0.7 =
0.6+
0.5+
Q 0.44 — 15 ppm
s —— 20 ppm
% 031 — 25 ppm
= o2l —— 30 ppm
0.1+
0.0
40 6.0 8.0 1[‘]0 150
t/min

Hinh 9. Phan tng xtic tdc quang cuia st phan
htly MB trén hé TiO2/¢-CsNs4 véi nong do dau
khéac nhau (Diéu kién: V = 100 mL; Comp)= 15+30
ppmy; mxictic = 0,02 g; thoi gian chiéu sang: 120
phut, nhiét d6 phong)
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Bang 3. Hang s8 t6c d6 ¢ cac gia tri nong dd dau khac

nhau ctia MB
k
Co (ppm) R? p
(min)
15 0,0080 0,895 <0,001
20 0,0009 0,932 <0,001
25 0,0006 0,976 < 0,001
30 0,0002 0,947 < 0,001

Cac duong thang twong quan gitta In(Co/C)
va thoi gian ¢ (Hinh 9) ¢6 hé s6 xac dinh R? cao
(0,895-0,976) va phan tich hoi quy tuyén tinh cho
thdy su twong quan tuyén tinh nay dwoc chdp nhan
vé mat théng ké (p <0,05) (Bang 3). Nhu vay, phan
tng phan hiy quang hdéa MB tuan theo mo6 hinh
dong hoc Langmuir — Hinshelwood béc nhat.

Co
In [?t) =Kt

trong d6 kapp (= ke x K1) 12 hf?mg s0 toc dd biéu kién
bac nhat (min); kr 1a hing s toc d6 phan ting; Ku
1a hing s8 can bang hap phy; Co: 1a nong do dau
ctia MB sau can bang hap phu va C 1a nong do cta
MB ¢ thoi diém t. H@“mg sO toc d0 kapp giam theo
chiéu ting nong do dau MB. Sy giam nay c6 thé
lién quan dén sy hinh thanh san phdm trung gian
trong sudt qua trinh phan hty quang héa, dan dén
mot lwong 16n cac san pham trung gian nay bi hap
phu 1én bé mat chat xac tac lam giam kha nang
phan hiy quang héa MB dan dén anh huong dén
toc d6 ctia phan ting.

Két qua tht hoat tinh xtuc tac quang hoa
dwdi tac dung ctia anh sang mat troi ctia hé TiO2/g-
CsNaduoc trinh bay trén Hinh 10.

Két qua cho thdy tat ca cac mau déu c6 hoat
tinh xtc tdc quang hda, nhung vat liéu nung &
500 °C c6 hoat tinh quang xtc tdc manh nhat. Chi
sau 40 phut chiéu sang, dung dich MB mét mau
hoan toan trong khi cac mau con lai can 60 phut

madi mat mau hoan toan.
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0 phut

40 phat

Ti0,/g-C\N, S00°C Ti0,/g-C\N, S50°C 0S| chimg

60 phut

TIO/ECN450°C  TIO/g-CN,S00°C  TIO/g-C,N, 550°C

DSl chimg

Hinh 10. Tht hoat tinh quang xtc tac dudi anh sang

mit troi cdc mau TiOz/ 9-CsNanung cac nhiét d¢ khac

nhau (Diéu kién: V=50 mL; Cope) = 10 ppm; mixic tac =
0,01 g; thoi gian chiéu sang: 40 va 60 phut)

4  Kétluan

Pa nghién cttu tong hop duoc phiic titanium
peroxide bang phuong phap thtiy nhiét — siéu am,
da tdng hop hé TiO»/g-CsNu bang phuong phép
tron co hoc ¢é su hd tro cia song siéu am. Hiéu suét
phan htay xanh methylene ctia hé TiO2/g-CsNa dat
gan 100% & diéu kién chiéu sang bang deén soi dt
trong 100 phut va duéi anh sang mat troi chi trong
40 phut. Su phan huy quang xdc tac tuan theo mo
hinh déng hoc Langmuir — Hinshelwood bac nhat
v6i hé s6 xac dinh cao (R? = 0,895+0,976).

Thong tin tai trg

Nghién cttu dwoc thyec hién dwdi su tai tro
cua dé tai Khoa hoc va cong nghé cdp Dai hoc Hug,
ma s6 DHH 2021-04-151.

41



Ding Thi Ngoc Hoa va Nguyén Ditrc Hong

42

Tai liéu tham khao

Mohai P, Bryant BI. Environmental racism:
Reviewing the evidence. Paul Mohai and Bunyan

Bryant; 1992.

Martinez JL. Environmental pollution by antibiotics
and by antibiotic resistance determinants. Environ
Pollut. 2009;157(11):2893-902.

Dietz AC, Schnoor  JL.
phytoremediation.  Environ
2001;109(suppl 1):163-8.

Advances in
Health  Perspect.

Manahan SE. Fundamentals of environmental and
toxicological chemistry: sustainable science. CRC
press; 2013.

Mishra D,
nanomaterials for the photocatalytic degradation of

Srivastava M. Low-dimensional

organic Nano-Materials  as
Photocatalysts for Degradation of Environmental
Pollutants. Elsevier; 2020. p. 15-38.

pollutants.  In:

Fujishima A, Honda K. Electrochemical Photolysis
of Water at a Semiconductor Electrode. Nature.
1972;238(5358):37-8

Li K, Gao S, WangQ, Xu H, Wang Z, Huang B, et al.
In-situ-reduced synthesis of Ti* self-doped TiO2/g-
C3Ns  heterojunctions with high photocatalytic
performance under LED light irradiation. ACS Appl
Mater Interfaces. 2015;7(17):9023-30.

10.

11.

12.

13.

14.

Teter DM, Hemley R]. Low-compressibility carbon
nitrides. Science (80- ). 1996;271(5245):53-5.

Wen J, Xie ], Chen X, Li X. A review on g-CsNs-based
photocatalysts. Appl Surf Sci. 2017;391:72-123.

Bavykin D V, Parmon VN, Lapkin AA, Walsh FC.
The effect of hydrothermal conditions on the
mesoporous structure of TiO2 nanotubes. ] Mater
Chem. 2004;14(22):3370-7.

Jin Z, Zhang Q, Yuan S, Ohno T. Synthesis high
specific surface area nanotube g-CsNs with two-step
condensation treatment of melamine to enhance
photocatalysis properties. RSC Adv. 2015;5(6):4026-
9.

Wei K, LiK, Yan L, Luo S, Guo H, Dai Y, et al. One-
step fabrication of g-CsNi nanosheets/TiO2 hollow
microspheres heterojunctions with atomic level
hybridization and their application in the multi-
component synergistic photocatalytic systems. Appl
Catal B Environ. 2018;222:88-98.

Sheng Y, Wei Z, Miao H, Yao W, Li H, Zhu Y.
Enhanced organic pollutant photodegradation via
adsorption/photocatalysis synergy using a 3D g-
C3N4/TiO2 free-separation photocatalyst. Chem Eng
J. 2019;370:287-94.

Lu N, Wang C, Sun B, Gao Z, Su Y. Fabrication of
TiO2-doped single layer graphitic-CsNa and its
visible-light photocatalytic activity. Sep Purif
Technol. 2017;186:226-32.



