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Abstract: In this study, the composite of titanium dioxide nanotube (TNT) and graphene
nanoplatelet was hydrothermally synthesized in a sodium hydroxide solution. Morphological and
crystalline properties of the synthesized samples were analyzed by transmission electron microscopy
(TEM), X-ray differactometry (XRD), and Raman spectroscopy. Optical properties were
investigated by UV-Vis diffuse reflextance spectra (DRS) where optical bandgap was determined.
Photocatalytic activity of the synthesized samples was evaluated through the degradation of
methylene blue in the solution under direct sunlight irradiation. The result showed the enhancement
of photocatalytic activity in the composite sample in compare to the bare TNT. After 120 min of
irradiation, the photocatalytic efficiency of the composite and TNT was ~95% and 63%,
respectively. Mechanism of enhanced activity was supported by DRS measurements in which the
composite showed the higher visible light absoption and lower bandgap value. Optical bandgap of
the sGr/TNT composite was about 3.25 eV which was notably reduced in compare to that of the
bare TNT of ~3.68 eV.
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Cau tric di thé cua té hop 6ng nano TiO2/graphene nano dang
dia voi su tang cuong kha nang xtc tac quang

V& Quang Mai, V6 Chi Hao, Nguyén Hitu Tho, Nguyén Xuan Sang*

Trwong Pai hoc Sai Gon, 273 An Dwong Vicong, Phwong 3, Qudn 5, Thanh phé Ho Chi Minh, Viét Nam

Nhan ngay 18 thang 9 ndm 2019
Chinh sira ngay 15 thang 4 nam 2020; Chap nhan dang ngay 01 thang 8 ndm 2020

Tém tit: Trong nghién ctru ndy, vat lidu éng nano TiO2 (TNT) t6 hop vdi cac tim nano graphene
(Gr) dang dia (nanoplatelete) duoc ché tao bang phuong phéap thuy nhiét trong méi truong kiém.
Hinh thai bé mit va cac dic tinh ciia vat liéu duoc phén tich bang hinh anh hién vi dién tir truyén
qua (TEM), nhiéu xa tia X (XRD) va phd dao dong Raman. Tinh chit quang cta vt liéu duoc phan
tich bang phd UV-Vis phan xa rin (DRS). Kha ning xuc tac quang cua vat liéu duoc khao sat bang
su suy giam mau cua dung dich methylene xanh dudi anh nidng mat troi truc tiép, két qua cho thay
kha nédng xuc tac quang vuot troi cua vat liéu to hop véi hiéu sudt 1én dén ~95%, trong khi vt liéu
TNT ~63%. Co ché ting cuong kha nang xtc tac quang duogc g1a1 thich bang sy ting cuong sy hap
thu ving anh sang kha kién cung VOi sy suy giam bé rong viing cim & vat lidu td hop thong qua phd
DRS. Cu thé, nang luong viing cAm cua vt liéu to hop sGr/TNT ~3.25 eV giam dang ké so véi TNT

~3.68 eV.

Tir khéa: dng nano TiO,, graphene, cau tric di thé, x(c tac quang, DRS.

1. Mé dau

Gan day, kha ning quang xuc tac ving anh
sang kha kién cua céc vat liéu ban dan nham xur
ly chat thai tur nganh cong nghiép dét nhuém
dang nhan dugc nhiéu sy quan tdm bai cac nha
nghién ciru trén toan thé gigi. Cac chat ban dan
oxit nhu TiOz, ZnO, CdS, WOs déu thé hién
dugc tinh chét xuc tac quang, dic biét 1a TiO,
v6i nhitg wu diém nhu: chi phi thip, an toan
sinh hoc, dd bén va hoat tinh quang héa cao [1].
Tuy nhién, téc do tai hop cua cip dién tir va 16
trbng (e/h*) cia TiOz nhanh 1am giam hiéu qua
xuc tac quang, déng thoi ning lugng ving cam
I6n (> 3.0 V) nén can ngudn &nh sang kich thich
nam trong ving tir ngoai (UV) [2]. TiO. dang

* Tac gia lién hé.
Pja chi email: sangnguyen@sgu.edu.vn

https://doi.org/10.25073/2588-1140/vnunst.4947

ong lan dau tién duoc ché tao boi Hoyer nim
1996, hinh dang 6ng c6 nhing wu diém nhu: dién
tich bé mat 16n, c6 dong thoi kha nang hap phu
va xtic tac quang cao ciing nhu dwgc ché tao bang
cac phuong phap don gian, tiét kiém chi phi nhur:
thay nhiét, solvat nhiét,... [3,4]. Gan day,
graphene va vat liéu trén co s& graphene nhu
graphene oxit dugc quan tdm dac biét boi cac
nha khoa hoc trén thé gidi vi cd cau tric hai chiéu
V6i cac tinh chat héa 1y vuot troi nhu do linh
dong dién tir cao, dién tich bé mat 16n, kha nang
dan nhiét, dan dién tét [1]. Vi nhiing tinh chat
ndi bat nhu vay, graphene dugc ky vong s& 1a vat
liéu tiém nang khi lai hoa vai TiO, dé tang cudng
kha nang xtc tac quang.
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Trong nghién ctiu nay, 6ng nano TiO, duoc
t6 hop trong dung dich chira graphene dang dia
(nanoplatelet-sGr) bang phwong phép thiy nhiét
don gian. Hinh thai bé mat dwoc phan tich bang
anh hién vi dién tar truyén qua (TEM). Céu tric
va tinh chat tinh thé cua vat liéu duoc phan tich
bang gian d0 nhidu xa tia X, phd dao dong
Raman. Kha nang xuc tac quang dugc danh gia
thdng qua sy phan huy mau methylene xanh dudi
su chiéu sang cua anh nang mat troi tu nhién.
Tinh chét quang va co ché ting cudong kha ning
xuc tac quang duoc giai thich théng qua phd UV-
Vis phan xa ran (DRS).

2. Thuc nghiém
2.1. Héa chdt

Hoa chat va vat liéu duoc sir dung trong
nghién ciu nay bao gébm: bot TiO; thuong mai
(Merck), graphene nanoplatelet (sGraphene),
sodium hydroxide (NaOH, Merck), acetone
(CsHg0), ethanol (CHsOH), methylene blue
(JHD Fine Chemicals, China, 99%).

2.2. Qui trinh ché tao vt liéu

2.2.1. Qui trinh ché tao 6ng nano TiO2 (TNT)

- Qué trinh tao mau: 34 g NaOH cho vao céc
thity tinh 250 ml thém 78 ml nuéc cit, sau do
khudy tir trong 10 phat. Tiép dé, cho thém 0.84
g bot TiO, thuong mai va khudy 15 phut cho dén
khi TiO2 phan tan dong déu trong dung dich.
Cuébi cung dung dich duoc dua vao binh Teflon
va thay nhiét ¢ nhiét d6 135°C trong 24 gio.

- Qua trinh xir If mau: Sau khi két thic qua
trinh thay nhiét, binh Teflon dé nguéi ¢ nhiét do
phong. San pham thu dugc & dang huyén phu,
tién hanh loai bo phan dung dich, thu phan bot
ran, nghién nhé va cho vao céc dé loc rira dén
pH= 7 bang nudc cat. Cudi cung, siy khé mau ¢
nhiét 6 100°C trong 5 gio.

2.2.2. Qui trinh ché tao vt lidu t6 hop 6ng
nano TiOz vai graphene (SGr/TNT)

Qui trinh ché tao vat liéu t6 hop dng nano
TiO; va graphene cling twong ty nhu qua trinh
ché tao 6ng nano TiO; va ciing duoc chia lam hai
qua trinh: quéa trinh tao mau va qua trinh xu i
mau. Tuy nhién, trong qua trinh tao mau cé pha
thém graphene (5% vé khdi lugng) va duoc
khudy tir trong 10 phut truge khi cho hdn hop
dung dich vao binh Teflon dé tong hop thuy
nhiét.

2.3. Qui trinh do hdp phu va xiic tic quang

Pé tién hanh khao sat kha nang hap phu va
xuc tac quang cua vat liéu ching t6i tién hanh
cac budc sau:

+ Pha dung dich methylene xanh (MB) vai
nong do 1a 20 ppm.

+ Tiép theo, 0.01 g vat liéu khao sat cho vao
cdc chtra 250 ml dung dich MB duoc khudy déu.
Ban dau vat liéu duoc dit trong budng tbi dé xéac
dinh kha ning hap phu va thoi gian hap phu dat
trang thai bio hoa trude khi dugc chiéu sang dé
do kha nang xuc tac quang. Khoang thoi gian do
hap phu la: 3, 6, 9, 12, 15, 20, 40, 60, 90, 120
phdat.

+ Sau khi hip phu dat bao hoa, ching t6i bat
dau tién hanh khao sat kha nang xuc tic quang
cua vat liéu dudi &nh sdng mat troi truc tiép tur
12 gio trwa dén 15 gio & mién Nam Viét Nam,
nhiét d6 khoang 30 - 33°C. Qua trinh xUc tac
quang dugc do voi cac khoang thoi gian: 30, 60,
90, 120 phut sau khi duoc chiéu sang. Phép do
dé xac dinh su suy giam ndng do6 MB trong qué
trinh hap phu va xic tac quang duoc thyc hién
bang may do phd UV-Vis DR5000 (HACH) véi
budc séng trong khoang tir 450-800 nm.

Hiéu qua cua qua trinh hap phu va xuc tac
quang (h) duoc tinh toan boi céng thuc sau:

c
h=(1- —).100%
C

o]

V6i C, 1a ndng d6 ban dau ciia MB trude khi hap
phu hoac trudc khi bi phan hay trong qua trinh
xuc tac quang, C la ndng d6 cua MB tai mdi thoi
diém do.
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3. Két qua va thio luin
3.1. Hinh théi bé mat

Hinh 1 thé hién anh TEM cua vat liéu TNT
va sGr 5%/TNT. Hinh 1a cho thay vat ligu TNT
dd duogc ché tao thanh cong véi kich thudc kha
dong déu, duong kinh 6ng khoang 6 - 8 nm va

d¢ dai khoang vai tram nanomet. bdi vai vat lieu
t6 hop, hinh 1b cho thiy sy tdn tai déng thoi dng
nano TiO va graphene trong vat li¢u nay Ngoai
ra, cac 6ng nano TiO; da dinh trén tam nano
graphene dang dia, diéu nay gilp cho cac quang
dién tu khi duoc kich thich dé dang di chuyen
sang tim nano graphene. Do do, giup giam toc
d6 tai hop giita dién tir va 15 tréng.

Hinh 1. Hinh anh TEM ctia a) TNT, va b) TNT/graphene.

3.2. Cdu tric tinh thé

Hinh 2 thé hién gian do nhiéu xa tia X cua
vat liéu sGraphene, TNT va sGr5%/TNT. Gian
dd XRD cua sGraphene c¢6 hai dinh nhiéu xa dic
trung tai 26.18° va 54.12°, dugc gan cho cadc mat
mang cua cacbon C(002) va C(004). Trong khi
d6, TNT xuét hién cac dinh nhiéu xa tai 23.84°,
28.10°, 47.96° tuwong Gtng cho cac mat mang
(110), (211), (020) ciia cau trdc monoclinic cia
tinh thé Na,xH,TisO; [5] hoic Na
xHxTi204(OH), (0< x <2) [6]. Cac nghién ctu
trugc day cho rang khi rira bang axit thi xay ra
su trao doi ion H* véi Na* va diéu nay lam tang
cuong sy hinh thanh 6ng TNT. Cu thé, Yang va
cac cong su cua minh da minh chang sy phu
thuoc cua ti 1é Na/Ti d6i vai pH [3], két qua cho
thay rang néu pH cang thap thi kha nang trao doi
ion H* va ion Na* cang cao. Trong bdo céo nay,
vat liéu TNT va sGr5%/TNT duoc loc rira bang
nudéc cat khi gia tri pH dat 7 thi van con hién dién
ctia nguyén tir Na trong dng nano. Trong vat liéu
sGr5%/TNT thé hién cac dinh dic trung cua pha
anatase ¢ 25.00°, 37.24°, 38.28°, 53.55°, 54.75°,
62.45° twong (rng v&i cac mat mang (101), (004),

(200), (211), (118), (116) [7-10]. Ngoai ra, vat
lieu SGr5%/TNT con thé hién dinh dic trung cua
ciu trdc graphene ¢ mat mang C(002) nhung
cuong do dinh da giam di dang ké, cac mat mang
(110), (211), (020) cua ciu tric 6ng nano TNT
cling xuat hién véi cuong do suy giam manh.
Bén canh do6, cling cé su hién dién hai dinh nho
cua pharutile ¢ 27.17°, 36.63° twong trng Vi mat
mang (110), (101) [11,12]. Cac dinh dic trung
cia 6ng TNT va graphene déu giam trong vat
lieu to hop sGr5%/TNT di chimg minh duoc
rang c6 su tuong tac giita TNT va graphene trong
qua trinh thay nhiét.

sGr5%/TNT

Cuong do
l C(002)
©(004)

G sGraphene

20 2‘5 3‘0 3‘5 4‘0 4‘5 5‘0 55 8‘0 85 70
2theta (d0)
Hinh 2. Gian d6 nhiéu xa tia X (XRD) ciia TNT,
sGraphene va sGr5%/TNT.
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3.3. Phé Raman

Hinh 3 thé hién phdé Raman cua TNT,
graphene va sGr5%/TNT. Hinh 3a, cho thiy vat
liéu TNT xuat hién cac dinh dao dong tai: 144,
275 va 446 cm [13,14]. Trong do, dinh 144 cm™
thuoc vé ché do dao dong Eg cua pha anatase
[15]. Ngoai ra, vat lieu TNT XUt hi¢n cac dao
dong cua cau trac ong Vv6i hai dinh ndi bat nhat
tai 275 va 446 cm? lan luot dic trung cho dao
dong Ti-O trong lién két cua Na-Ti-O cua cau
trdc 16p va lién két Ti-O-Ti [16]. Hon thé nira,
vat lisgu TNT con cho thay su hién dién cua dinh
dao dong tai 824 cm™ duoc gén cho lién két Ti—
O-H do su thay thé ion Na* boi H*. Béi voi vat
liéu sGr5%/TNT, dinh dao dong dac trung cua
pha anatase & 144 cm™ trong vat liéu ong da dich
chuyén sang gia tri cao hon ¢ 150 cm™. Sy thay
ddi blue-shifted (6 cm®) c6 thé do sy twong tac
giita cac vat liéu khong ddng nhat trong vat liéu
t6 hop hoic do sy thiéu hut oxi [16]. Do su lién
két cua hai vat lidu nay cd thé lam ting sy dich
chuyén dién tir gitra hai vat liéu va do dé ciing
mang lai su tang cuong hoat dong xuc tac quang

cua vat lieu. Ngoai ra, trong vat liéu to hop con
¢6 cac dinh dao dong & 397 (Bug), 512 (Big Va
Aig), 631 (Eg) cm™ duoc gan cho cac dao dong
cuia pha anatase [7,18] va dinh dic trung cia cau
tric tai 275 cm™. Bén canh d6, co sy xut hién
dao dong cua lién két Ti-O—C trong khoang tir
670-700 cm™ [17].

Sy hién dién cua graphene con thé hién trong
pham vi tir 1000-3000 cm't. Hinh 3a cho thay sur
hi¢n dién cua dinh D, dinh G lan luot tai 1327
cm?, 1572 cm™* va dinh 2D tai 2663 cm™. Dinh
G tai 1572 cm? dic trung cho dao dong cua
cacbon lai héa sp?, trong khi d6 dinh D thé hién
dao dong cua céac khuyét tat cua cacbon lai hoa
sp. Binh 2D thé hién sb lugng 16p cua graphene,
cuong do dinh 2D trong graphene da 16p thi nho
hon so v6i graphene don 16p.

Hon thé, ty 1¢ cudng do Io/ls cho biét muc
d6 khuyét tat cua graphene [18,19]. Hinh 3b thé
hién ti & Ip/lc cua vat liéu sGraphene va
sGr5%/TNT lan luot 1a 0.44 va 0.26. Do d6 khi
TNT t6 hop voi graphene da gop phan lam giam
muc d6 khuyét tat cua graphene.

150 (A)

G (1572cm™)

D (1327 em™)

824 (Ti-O-H)
916 (Ti-O-Na)

Cuodng do

TNT

sGr5%/TNT

2D (2663 cm1)

sGraphene I/l, =044

Cudng do

sGr5%/TNT  1/1,=026

L i 1 1

L

500 1000 1500 2000
S0 song (cm1)

1
1200 1400 1600 1800

S6 séng (cm™)

3000 1000

Hinh 3. Ph6 Raman ctia TNT va sGr5%/TNT a) s6 séng 100-3000 cm'?, b) sé séng 1000-1800 cm'2.,

3.4. Kha ndng hdp phu va xiic tdc quang

Thong qua cac phep phan tich v& hinh thai
hoc (TEM), cau tric tinh thé va lién két trong cac
vat lidu thong qua gian db nhidu xa tia X va phd

Raman di ching minh ché tao thanh céng 6ng
nano TiO2 (TNT) va vt liéu to hop SGr5%/TNT.
Tiép theo, tién hanh khao sat kha nang hap phu
va xuc tdc quang cua vat liéu TNT va
SGr5%/TNT.
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Hinh 4 cho thay kha ning hap phu va xdc tac
quang cua vat liéu TNT va sGr5%/TNT. Qua
trinh hap phy dat b&o hoa sau 120 phut, két qua
cho thay hiéu qua hap phu MB cua TNT ~66.3%
t6t hon so v6i SGr5%/TNT ~49.1%. Sau khi qué
trinh hap phu dat trang thai can bang qué trinh
xuc tac quang dugc tiép tuc dudi diéu kién chiéu
sang tryc tiép ciia mat troi. Sau 120 phat chiéu
sang thi vat liéu sGr5%/TNT dat hiéu qua xu ly
MB ~95.0% vuot troi hon so voi TNT ~62.6%.
Do d6, nhd vao sy hinh thanh tiép xdc di thé giita
6ng nano TiO; va tim nano graphene dang dia
da giap tang cuong kha nang xuc tac quang.

3.5. Phé phan xa rdn va co ché tang cuong kha
nang xuc tdc quang

Hinh 5 thé hién phé phan xa ran (DRS) cua
cac vat liéu duogc tong hop. Tinh chat quang cua
vat lidu TNT va vat liéu to hop sGr5%/TNT cho
thay su hap thu tdt trong viing UV 1a do sy hap
thu nang lugng photon cua TiO; kich thich cac
dién tr tir vang hoa tri sang ving dan (Oz —
Tiza) [20]. Hinh 5 cho thay vat liéu SGr5%/TNT
c6 kha nang hap thy anh sang nhin thay tét hon
so véi vat lieu TNT. Su dich chuyén kha ning
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hap thu sang viing budc song dai hon dbi véi vat
licu sGr5%/TNT da cho thay sy thu hep ning
lwong ving cim cua vat liéu nay [20]. Tur dit liéu
ctiia pho DRS, ¢6 thé xéac dinh gié tri niang luong
viing cam bang cach dung ham Kubelka—Munk
theo phuong phap Tauc. Theo cac nghién cau
truée day cho thay gia tri ning lugng vung Cam
pha anatase ciia TiO; 1a ~3.2 eV va d6i véi ong
nano TiOz1a ~3.7 eV [21,22]. Trong nghién cau
nay, bang phuong phap Tauc dugc thé hién trong
hinh 6 di xac dinh duoc ning lugng ving cim
ctia TNT va sGr5%/TNT lan luot 12 3.68 eV va
3.25 eV. Do d6, nhd vao sy to hop giira 5ng nano
VGi tam nano graphene da lam suy giam nang
lwong ving cam. Ngoal ra, thong qua lién két hoa
hoc Ti-O-C gifra cac ong nano TiO. va cac tam
nano graphene tao diéu kién thuan lgi cho cac
dién tr di chuyén tr ng nano TiO, sang
graphene, 1am giam sy t6 hop cua cac dién tir va
16 tréng [11,23]. Nho vay, thoi gian song cua
dién tor dugc kéo dai gitip tang cuong phan ung
phan hay chat mau hitu co MB va cai thién kha
nang xuc tac quang.

20 TNT a) 20} SGr5%/TNT b)
—MB — MB
w3 min in dark —3 min in dark
e § min in dark —gmmln:r:
— 9 mini | —sminindar
15 _?2"‘":”",::;,( 15 —— 12 min in dark In dark
= 15 min in dark =. 15 min in dark
<= ——20 min in dark In dark = —— 20 min in dark
& —— 40 min in dark o —— 40 min in dark
. 1.0F ——60minindark o, 1.0} =——60minindark
| ~——90 min in dark ] ——90 min in dark
= = =120 min in dark
w120 min in dark e cmemes
< —3m = —3m
—60min
B osf —omn - 05t —oomn
=ma ! — 120min In light
=120 min. In light
0.0 : 0.0
500 600 700 800 500 600 700 800
Budc song (nm) Budc song (nm)
1.0 1.0
—=—TNT ¢) —=—TNT d)
——sGr5%/TNT —o—sGr5%/TNT
08}
08}
o fe) 06}
g 06} o
O oa4f
04}
0.2
02 L L L L L J 0.0 . . . A .
e il el ) VL 0 20 40 60 8 100 120

Thoi gian (phut)

Thoi gian (phut)

Hinh 4. a), b) Biéu do thé hién su suy giam nong do MB ctia TNT va sGr5%/TNT
va c), d) Kha nang hap phu va xuc tac quang cuaa TNT va sGr5%/TNT.
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Hinh 5. Ph UV-Vis phan xa rin (DRS).
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325 350 375 400 425 450

2.00
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Hinh 6. Ning lugng ving cam tinh theo ham Kubelka—Munk.

4. Két luan

Trong nghién ctru nay, chung t6i da ché tao
thanh cong vat lieu TNT vé6i duong kinh dong
déu ~8 nm va vat lidu t6 hop sGr3%/TNT duoc
minh chiing thdng qua cac phép phan tich vé
hinh thai hoc (TEM), gian do nhidu xa tia X
(XRD), phé Raman. Ngoai ra, pho6 Raman cho
thiy dao dong & sé song thip nhit (E,) bi dich
chuyén ~6 cm™ tir 144 cmt sang 150 cm™ 1a do
su hinh thanh tiép xdc di thé gitra TNT va
graphene ciing nhu dao dong cua lién két héa hoc
Ti-O-C trong khoang tir 670 - 700 cm™. Bén
canh dé, vat liéu t6 hop vat liéu dng nano TiO;
VGi tAm nano graphene dang dia da giup ting
cuong kha ning xuc tac quang phan huy chat

mau hitu co MB dudi diéu kién chiéu sang cua
mit troi. Co ché ting cuong kha ning xuc tc
quang cua vat liéu té hop duoc giai thich thong
qua phd phan xa ran (DRS), vat liéu SGr5%/TNT
c6 kha nang hap thy anh sang nhin thiy tét hon
va ¢6 nang lugng ving cam thap hon TNT.
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