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Tém tit: Trong nghién ciru ndy, ching t6i di tong hop graphene oxit (GO) tir graphit tw nhién
bang phuong phap Hummer nhiét do thap va phat trién dng nano TiO, (TNTs) trén mang GO
(GO/TNTs) bang phuong phap thily nhiét. Hinh anh tir kinh hién vi dién tir truyén qua cho thay su
phan bd ddng déu vé kich thude ciia TNTs voi duong kinh ~8 nm va sy ton tai dong thoi cia
TNTs va GO trong vét li¢u to hop. Céu tric tinh thé duge do béng nhiéu xa tia X cho thz‘iy su hinh
thanh mang GO tir phuong phap Hummer cai tién. Phd UV-vis do su hdp phu va phan hiy
methylene blue cho thiy kha nang hap phu vat Iy va xdc tac quang vuot trdi ctia vat liéu to hop.

Tir khéa: Ong nano TiO,, graphene oxide, hip phu, x(c tic quang.

1. Giéi thiéu

Titanium dioxide (TiO,) 1a mot chit ban
dan oxit v&i pha anatase ciia n6 c6 niang lugng
ving cim 16n (~3.2 eV) da thu hit duge nhiéu
nghién ctru va Gng dung trong khoa hoc moi
truong trén toan thé gidi vi tinh chat quang xuc
tac doc dao cta né [1-3]. Gan day, 6ng nano
titanium dioxide (TNTs) dang dugc quan tam vi
¢6 dic tinh 1y hoa tuyét voi nhu dién tich bé
mit cao, co6 kha ning hdp phu bé mat rat tdt
[4]. Han ché chinh cia TNTSs trong qua trinh
quang xUc tac 1a thoi gian tai t hop electron-15
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trong ngan cac quang dién tir khong co du thoi
gian dé phan tmg cac chat 6 nhiém hiru co. Pé
giai quyét kho khan nay, TNTs da duoc pha tap,
dinh céc loai kim loai [5-8], cac hat nano v6 co
[9] hodc cac vat liéu ban dan khac [10-13] dé
tao thanh mot su lién két co thé kéo dai thoi
gian tai két hop cua 18 trong va electron. Mot
trong nhitng vat liéu dang dugc quan tam dic
biét trong ché tao composite véi TNTs la
graphene oxit (GO). Graphen oxit (GO) dugc
tao ra tur graphit st dung cac nhan tic oxy hoda
manh, mot s6 phuong phap ché tao GO nhu:
Brodie (KCIO; trong HNOj), Staudenmaier
(KCIO3, NaClO; trong H,SO, va HNOj) va
Hummers (KMnO; va NaNO; trong
H,SO,)[14]. GO c6 cac nhom chire chira oxy-ua
nudc nhu hydroxyl  (-OH), epoxy (-O-),
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carbonyl (-C=0), carboxyl (-COOH). Su hién
dién cta cac nhom chirc nay lam cho cac tim
GO dé hoa tan trong nhiéu hé thong dung moéi,
giup tang kha nang tuong tac, tang t1nh ua nudce
[15]. GO s& hiru nhu’ng uu diém noi bat nhu:
dién tich bé mit riéng 16n, tinh 4i nuéc cao, co
tinh tuong thich sinh hoc, chi phi thip [16], d&
ché tao nén GO la vat lidu rat dugc quan tdm
trong tng dung xu Iy nudce thai.

Tuy nhién, GO c6 mot s6 han ché nhu do
truyén din dién tir kém do su gian doan cia lién
két 7 gdy ra boi su thay thé ctia cac nhom chuc.
Trong bai bao nay ching toi ché tao vat liéu
tong hop trén co sé dinh TNTs trén cac mang
GO bang phuong phap thiy nhiét don gian. Cau
tric pha va tinh thé dugc phén tich dua trén két
qua cua gian dd cua may nhidu xa tia X D8-
Advance5005 vai buc xa CuK; (A = 0.154064
nm) (BRUKER), cac dic tinh hinh thai dugc
chup bang quang phd truyén qua (TEM) sit
dung JEM1400 (JEOL). Céc tinh chit hap phu
va quang xtc tac dwuoc ghi lai béi quang phd
UV-Vis DR 5000 (HACH) véi phép do su suy
giam mau cua methylene xanh.

2. Thue nghiém
2.1. Hoa chat, dung cu va thiét bi

Hoéa chit: bot TiO, thwong mai (Merck),
natri nitrat (NaNOs, Merck) graphite (Valence,
Nam Uc), kali pemanganat (KMnO,), dung dich
hydro peroxide H,O,, aceton (CsH¢O), ethanol
(C,HeO), natri hidroxit (NaOH), axit clohidric
(HCI, Trung Quéc, 37%), axit sunfuric (H,SO,,
Trung Qudc, 98%), xanh methylene (JHD Fine
Chemicals, China , 99%) va nudc khi ion (DI)
(hé théng nudc Puris-Evo) da duoc sir dung ma
khong xu 1y thém.

Dung cu: dung cu duoc chuin bi nhu céc,
mudng, pipet, diia thiiy tinh, ca tir, dng dong,
binh d4 (nhiét do 5-10°C). Cac dung cu trén
duoc rira sach b?mg xa phong, trang nudc cét,
cac dung cu duoc lam tur nhya thi trang qua
ethanol, con cac dung cu khac thi dugc trang
qua aceton, sau d6 dem séy kho cac dung cu.

Thiét bi: cac thiét bi dugc st dung nhu may
khudy tlr, can dién tir, ti hat, ti sy, may hut
chan khong va may do UV-vis DR5000
(HACH).

2.2. Tong hop TNTs bang phwong phdp thiy
nhiét

TNTs dugc téng hop trong binh thity nhiét
150 ml Teflon dugc bao quanh boi thép khong
gi trong 24 gio & 135°C. Pau tién, 34 ¢ NaOH
da hoa tan trong 78 ml nu6c DI bang phuong
phap khudy tir trong 15 phut. Sau d6, thém 0,84
g TiO, vao dung dich va tiép tuc khudy trong 10
phut. Dung dich thu dugc & trén cho vao binh
thuy nhiét va dua vao ti sy dé téng hop thuy
nhiét. San pham thiy nhiét trén duoc thém vao
dung dich HCI va ngam trong 30 phut, sau do
rira lai bang nude DI nhiéu 1an cho dén pH = 7.
Cudi cung, tién hanh sdy miu trong tu siy &
100°C cho dén khi thu duoc bot trang kho
hoan toan.

2.3. Téng hop GO bang phwong phap Hummers

cdi tién

Graphite oxide (GO) duogc tong hop bang
phuong phap Hummers nhiét thap Pau tién,
30 ml H,SO, (12.1M) cho vao cbc, sau do dat
cdc vao binh da, gilr cho nhiét d6 cta binh da ¢
trong khoang 5-10°C. Tiép theo, hdn hop 0.25¢g
Graphite va 0.5g NaNO; duoc cho vao cdc
chtra dung dich H,SO,. Pat binh da 1én may
khudy tir, khudy tir 15 phut. Sau 15 phut, cho 4g
KMnO, vao cbc chira dung dich trén va khudy
tir 60 phat cho dén khi dung dich chuyén sang
mau xanh tim. Sau d6, cc chira dung dich
trong binh da dugc chuyén sang binh nudc 4m
v6i nhiét do 40°C va khudy tir 90 phat. Dung
dich chuyén sang mau nau, thém 50 ml nudc
cit va khudy tir thém 10 phat. Tiép tuc, cho
thém 12ml H,0, va tiép tuc khudy tir cho dén
khi xuit hién sol vang nau. Tiép dén, dung
ethanol dé loc rira cho dén khi san pham co pH
trong khoang tir 6 dén 7. Cubi cung, ta cho GO
hoa tan trong nude DI.
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2.4. Tong hop GO/TNTs bang phuwong phdp
thuy nhiét:

Tuong ty nhu tong hop TNTs, hdn hop
GO/TNTs dugc tong hop trong binh thily nhiét
Teflon bao quanh boi thép khong gi c6 thé tich
1a 150 ml trong 24 gid ¢ 135 °C. Trong qua
trinh nay, thé tich nudc DI duoce sit dung dé hoa
tan 34g NaOH 1a 52,405ml va khudy tir trong
15 phit. GO di tong hop bang phuong phap
Hummers dugc thém vao trong dung dich TiO,
va NaOH va khudy tir trong 10 phut ngay trudc
khi rot vao binh thiy nhiét.

2.5. Phirong phdp do hdp phu va xic téc quang

Pha dung dich MB véi nong d6 C=25.10"
(mol/lit) trong binh dinh mic dé trong buong
tHi. Lay 250 ml dung dich MB vao cbc, khudy
trén may khuay tir trong budng tdi. Cho 0.02 g
vat liéu can khao sat vao dung dich MB dang
khudy, bit dau tinh thoi gian hip phu. Sau cac
khoang thoi gian khac nhau cho dén khi mau
dung dich gin nhu bdo hoa (su hap phu di hoan
thanh), cu thé & day chung toi do theo thoi gian
nhu sau: 3, 6, 9, 12, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 75, 90, 120 va 150 phat. O mdi mbc
thoi gian 1y 5ml dung dich bang pipet cho vao
cuvet dem ly tam 5000 vong/phut, voi thoi gian
5 phit. Sau d6 do d6 hip phu cia miu & khoang
budc song 200-900nm bang may do quang UV-
vis DR5000.

Sau 1 ngay

>

Sau 2 ngay

nudc i nudc

Sau 1 tuan

u\

Ngay sau khi qua trinh hap phu hoan thanh,
chung t6i bat dau do kha ning xtic tac cua vat
liéu dudi anh sang mit troi tryc tiép (troi ning
tir 11 gio trua dén 15 gid & mién Nam, Viét
Nam, nhiét do khoang 32°C). Su hép thu caa
MB trong qua trinh xtc tdc quang dugc do
trong mdi 30 phiit sau khi chiéu tryuc tiép birc xa
mat troi. Thoi gian do 1a 30, 60, 90, 120, 150 va
180 phut sau khi chiéu. Hiéu qua suy giam cua
MB trong dung dich dugc tinh theo cong thuc:

2(%) = (L— ) x100%
CO
v6i Co 1a gid trj hip thy MB ban dau (thoi diém
O),~ Ci la gia tri hap thu MB theo thoi gian tai
moi lan do trong qué trinh (thoi diém t).

3. Két qua va thao luin
3.1. Anh chup

D6i v6i mau GO, dé c6 thé phan tich dugc
kha nang hoa tan cua GO trong nudc. Chung t6i
da khao sat kha nang hoa tan trong nudc cua
GO véi cac mdc thoi gian sau 1 ngay, sau 1
tuan, sau 1 thang va sau 2 thang (hinh 1). Qua
do, ta c6 thé thly GO hoa tan rat tot trong nudc
v6i khoang thoi gian dai.

Sau 1 thang

Sau 2 thang

nudc :
nudc

R, o=

\__—/

Hinh 1. Mau GO hoan tan trong nuéc dugc chup 1an luot sau 1 ngay, 1 tuan, 1 thang va 2 thang.
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TNTs 5%GO/TNTs

Hinh 2. MAu TNTs va 5%GO/TNTs.

Mau sic caa TNTs trudc va sau khi dinh
thém GO vao duoc thé hién & hinh 2 v6i miu
chup 1a TNTs va 5%GO/TNTs (hinh 2). Chung
ta c6 thé nhan thdy, mdu TNTs c¢6 mau tring
tinh dang bot va mau 5%GO/TNTs c6 mau den
dam. Piéu nay co thé ching minh duoc cé su
ton tai cua GO trén tinh thé TNTs.

3.2. Anh TEM

Dé co thé quan sat dugc hinh thai cua tinh
thé chung t6i tién hanh khao sat vat liéu TNTs
va GO/TNTs qua anh hién vi dién tr truyén qua
(hinh 3). Anh TEM cta TNTs cho thdy da co su
hinh thanh ciia cac dng TiO,. Cac 6ng co chiéu
dai tr mot dén vai traim nanomet, c6 dudng
kinh dao ddng trong khoang khoang 6 dén 8
nanomet. Hinh 3c va 3d con cho thay sy hién
dién cia GO nhu cac tim két ndi cac 6ng nano
TiO,. Nhitng tim GO nay c6 thé két hop véi
TNTs dé hinh thanh tiép xtic di thé. Nho tiép
xuc nay, c&c quang electron kich thich tir TNTs
s& dé dang di chuyén chuyén téi GO. Qua trinh
khuéch tan din cac quang dién tir vao GO s&
lam cho ty 16 tai t6 hop electron-18 tréng giam.
Véi tinh chat din dién tot cia GO, cic quang
dién tir khuéch tan di chuyén tu do trén tim GO
giup cai thién kha ndng quang xUc tac cuia
vat liéu.

— {11, g1}

_ ‘10!] Onm TNTs[TEM]

GO_TNTs_S5[TEM]

gl
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Hinh 3. Anh TEM ctia TNTs va GO/TNTs.
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3.3. Gidn do6 XRD

Hinh 4 thé hién gian d6 XRD cua graphite,
GO va TNTs va 2%GO/TNT. Gian d6 XRD
ctia graphite dugc thé hién bang duong mau den
v6i cac dinh xudt hién tai cac vi tri 26,7° va
55°dac trung cho mit mang (002) va (004) cla
cacbon. Gian d6 XRD ctia GO duoc thé hién
gua dudng mau xanh luc, tai ddy dinh C(002)
van duge giit lai. Tuy nhién, tai day cuong do
dinh da c6 sy suy gidm manh va dinh dugc mo
rong hon so voi graphite. D6i vai dinh C(004),
gﬁn nhu da bién mat hoan toan. Tir d6, co thé
nhan dinh 14 d co su thay dbi ciu tric trong
mau GO so véi graphite. Pat biét, trong gian d6
cta GO con c6 sy xuit hién ciia dinh tai vi tri
10,27° @ic trung cho mat mang C(001) cua GO.
C6 sy khéc biét giita gian d6 GO va graphite 1a
do trong qua trinh tong hop GO bang phuong
phéap Hummer mot phan cac 16p graphite dugc
tach ra va dinh thém cic gbc hydroxyl va
epoxide vao cac mang cua graphite hinh thanh
nén GO. Nhu véy, sau nhimg két qua phan tich
trén, chung t6i da ché thanh cong GO. Tir két
qua XRD trén, ching ta c6 thé tinh duoc
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khoang cach cac 16p cua graphite (d=1,75 A) va
GO (d = 3,8 A) bang cong thuc Bragg:
A
2sin@

Chung ta c6 thé thdy khoang cach giita cac
l6p ciia GO 16n hon so véi khoang cach gitra
cac 16p cua graphite. Nhu vy, sau nhimg két
qua phan tich trén, ching t6i da ché tao thanh
cong GO. Véi dudng xanh 13 va do thé hién
gian d6 XRD cia TNTs va GO/TNTs, gian d6
xuét hién cac dinh tai 25.05°, 37.54° 47.88°
53.62°, 54.91°, 62.51°, 68.54° lan luot dic trung
cho cac mdt mang (101), (004), (200), (105),
(211), (118), (116) cua pha anatase (JCPDS 84-
1286). Nhu viy vat liéu éng nano TiO, cua
chung t6i chi xuat hién don pha anatas, khong
xuat hién pha rutile. Hon nita tir XRD ctia mau
t6 hop TNT va GO, tin hiéu GO di bi suy giam
r0 rét, cac dinh dac trung khoéng con ton tai
chung t6 GO da bi khur thanh rGO. Ngoai ra,
TNT trong miu té hop ciing pha anatas nhung
cac dinh khoéng con sic nét nhu mau TNT
thuan.

\I A TNT/GO
— S g § o= ® ©
> = g 8 o= - 2
3. < < < 5 I T
) 3 TNTs
> 151
=
2 M
5 b
b= g < GO
—_— 5% 3
15
Graphite
T T T T v T ¥ T
10 20 30 40 50 60 70

20 (degree)

Hinh 4. Thé hién gian d6 XRD cua Graphite, Graphene, GO, TNTSs.
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3.4. Kha nang hdp phu va kha ning quang xiic
tac

Sau qué trinh phén tich vé cu triic va hinh
thai cua vat liéu, ching toi tiép tién hanh khao
sat kha niang hdp phu va quang xuc tic cua cac
vat liéu TNTs, GO1%/TNTs, GO2%/TNTs va
GO5%/TNTs qua thoi gian (hinh 5). Pau tién,
chung t6i tién hanh do kha nang hap phu cia
vat liéu TNTs, GO1%/TNTs, GO2%/TNTs va
GO5%/TNTs trong budng t6i. Qua trinh hip
phu duoc khao sat trong tdi tir thoi diém ban
dAu dén lac bio hoa. Hinh 5,tacd thé théy, dca
4 mAu, ¢ phat thir 3 vé hap phu, mat d6 quang
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giam mot cach dang ké. Tur phit thir 6 dén phut
thir 90, mat do quang tiép tuc giam nhung bat
dau cham lai. Sau khi dat hép phu bao hoa,
chung t6i bat dau cho khao sat qua trinh quang
xuc tac khi c¢6 anh sang mat troi chiéu vao (anh
sang tu nhién vao khoang thoi gian 11 gio dén
15 gid). Tir phut 30 sau khi cho tiép xuc véi anh
sang, ta co thé théy duoc mat d6 quang cua cac
vat liéu giam mot cach rd rét. Pac biét, mau
GO1%/TNTs trong qua trinh nay kha nang
quang xuc tac vugt trdi hon hon so vai cac mau
khéc. Nhu vay, vat liéu TNTs khi dugc pha
thém GO véi luong phu hop s€ giup no cai
thién kha ning quang xuc tac hon.
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. Hinh 5. Gian d6 thé hién sy hap phu, kha ning quang xuc tac ctia vat liéu TNTs, GO1%/TNTs, GO2%/TNTs
va GO5%/TNTs dugc khao sat theo thoi gian vai chat chi thi mau 1a dung dich methylene blue (MB).
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Hinh 6. Hiéu qua hép phu MB ciia TNTs va cic mau
phirc hgp GO1%/TNTs, GO2%/TNTs,
GO5%/TNTs.

Dé phan tich rd hon kha ning hap phu cua
vat liéu dang duoc khao sat, chung t6i phan tich
va so sanh nong d6 MB theo thoi gian xur 1y &
dinh phd hip phu dic trung cia MB 664 nm
(hinh 6). Nhin vao hinh ta thiy ¢ giai doan dau
clia qua trinh hap phuy, nong do MB giam dang
ké. cu thé 1a ndng d6 MB giam 42% ddi véi
mau TNTs, ciia mau GO1%/TNTs giam 32%,
GO2%/TNTs giam 47%, cia mau GO5%/TNTs
giam 22% so v6i nong d6 MB ban dau. Dén
phdt thar 20, hiéu suat tai thoi diém nay dat duoc
la 55%, 39%, 61% va 37% lan lugt cho cac mau
GO1%/TNTs, GO2%/TNTs, GO5%/TNTs. Tir
phit tha 20, hiéu suat caa mau TNTs bat dau
giam cham lai, dén phat 90 hiéu suit xu 1y dat
65% va di bio hoa vi hiéu suat tang rat it so VGi
phdt 70 12 63%.( chi ting 2%). Vi nhan thiy mau
TNTs da bdo hoa ,ching t6i ngimg qua trinh do
hip phu cua mau TNTs. Tiép tuc khao st kha
ning hip phu MB cua cac mau vat liéu
composite. Mau GO1%/TNTs dat 54%, ctia mau
GO5%/TNTs dat 69% va mau GO2%/TNTs hiéu
XUt xir Iy cao vuot troi dat 89% ¢ phat thir 90.
Nhin vao hinh ta thay dén phat 150 gan nhu cac
mau composite di bdo hoa, hiéu sudt mau
GO1%/TNTs ,GO2%/TNTs ,GO5% lan luot la
46%, 93% va 74%. Sau qua trinh do hap phu
nong d6 MB cia cac mau vat liéu, mau
GO2%/TNTs dat hiéu qua cao nhit va mau
GO1% dat hi¢u qua thap nhat.

GO1%/TNTs 3 phuat GO2%/TNTs 3 phit  GO5%/TNTs 3 phut

-ii

GOI1%/TNTs 150 phut GO2%/TNTs 150 phut GO5%/TNTs 150 th

1 V‘

Hinh 7. Hinh anh thyc nghiém cua qué trinh hap phu
vaoi cac vat lieu GO1%/TNTs, GO2%/TNTs
va GO5%/TNTSs véi cac thoi gian sau 3 phit
va 150 phut.

Dé co thé danh gia thuc té hiéu qua kha
ning hip phu ciia cac mau composite, chiing tdi
da tién hanh khao sat nhimg hinh anh thuc té
clia cac mau GO trong diéu kién khong ¢6 anh
sang (hinh 7). Nhin vao hinh anh thyc té, ta cd
thé thidy kha ning hép phu cua mau
GO2%/TNTs dat hiéu qua cao nhét, thip nhat 13
mau GO1%/TNTs.

Chung t6i tiép tuc khao sat qua trinh quang
x(c tac clia cc mau vat liéu dudi diéu kién anh
sang mat troi (hinh 8). Dya vao hinh ta théy, tai
phut thir 30 hiéu suat xir Iy MB cua mau TNTSs
dat 58%, GO1%/TNTs dat 24%, mau GO2%
dat 30%, mau GO5%/TNTs dat 17%. Dén phut
150, mau TNTs di bdo hoa v6i hiéu suit 88%
(chi ting 1% so voi hiéu xudt & phut 120) va
chiing t6i ngimg do mau TNTs. Tir giai doan
ndy, CAC MAu vat lidu composite ciing bat dau
bdo hoa, hiéu sudt & phat 180 cua cic mau
GO1%/TNTs, GO2%/TNTs, GO5%/TNTs dat
duogc 1an lugt 1a 92%, 81% va 96%. Phan tich
cho khi cac mau vat liéu da bao hoa qua trinh
quang xdc tac thi mau GOI1%/TNTs va
GO5%/TNTs c¢6 cai thién hiéu qua phan huy
MB hon mau TNTs. Néu xét vé luong GO
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trong vat liéu composite thi GO1%/TNTs c6 thé
no6i dat hidu qua xdc tic quang téi wu nhat, vi
dén giai doan bdo hoa hiéu suat maiu
GO1%/TNTs va GO5%/TNTs khoéng chénh
léch nhidu. Sy phan hay MB trong giai doan
quang xuc tac ciing cho ta biét viéc chon khéi
lugng GO phu hop khi pha véi TNTs dé dat
hiéu suét cao.

Nhin chung, sau khi phén tich ctia ca hai
qua trinh hap phu va xuc tic quang, ching toi
da chung minh duoc 1a khi pha thém GO vao
TNTs s& anh huong dén kha ning hap phuy ciing
nhu phan hay quang héa MB cia TNTs. Déi
v6i qué trinh hap phu thi GO2%/TNTs dat hi¢u
qua cao nhét va vuot troi hon nhiéu véi hiéu
sudt dén 93%. Pbi voi quéa trinh quang xuc
tac thi mau GO5%/TNTs va GO1%/TNTs déu
dat hiéu qua cao.

DPé co thé danh gia thuc té hiéu qua kha
ning quang xuc tac cia cidc mau pha tap GO,
chung toi da chup nhitng hinh anh thyc té cua
cic mau dung dich MB tuong tmg v6i mau
composite dung dé phan hiy (hinh 9). Nhin vao
hinh thue té co thé thiy, tit ca cic miu xir ly
mau déu dat hiéu qua cao. Tuy nhién, xét vé
lugng GO pha vao TNTs, ta ¢ thé chon mau
GO1%/TNTs la téi uu nhét.
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Hinh 8. Kha ning phan hity MB ciia cac mau vat
liéu TNTs, GO1%/TNTs, GO2%/TNTs va
GO5%/TNTs duéi diéu kién dnh sang mit troi.
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Hinh 9. Hinh anh thyc nghiém cua qua trinh quang
xUc tac véi cac vat liéu GOl°/9/TNTs, GO2%/TNTs
va GO5%/TNTs duéi dieu kién anh sang.

4. Két luin

Trong nghién ctru nay, chung toi di tong
hop thanh cong GO tir graphite bang phwong
phap Hummers cai tién va t6 hop TNTS/GO
bang phuong phap thily nhiét. Tir hinh anh hién
vi dién tir truyén qua, TNTs c¢6 sy hinh thanh
dong nhat véi kich thude duong kinh ~ 8nm va
su hinh thanh tiép xuc di thé cia TNTs va GO
trong mau t6 hop. Két qua XRD chi ra cac 16p
carbon ctia mau GO khoang cich bi gian ra va
c6 sur xuét hién dinh C(001) dic trung cta GO.
Vit liéu composite GO/TNTs ciing cho thay
kha nang hap phy va quang xuc tac thay doi so
v6i TNT thuan. Hiéu qua quang xuc tac sau 150
phut chiéu xa 4nh sang mit troi cia TNTs lan
luot 1a 88,1% va wvat li€u composite
GO1%/TNTs, GO2%/TNTs, GO5%/TNTs lan
luot 13 92%, 81%, 96%. Do cach téng hop don
gian va co thé san xudt hang loat, vt lidu
composite quang xuc tac ciia ching toi ¢6 tiém
ning tmg dung 1am phan huy cac thuéc nhudém
gdy 0 nhidm dé lam sach méi trudng nude.
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Physical Adsorption and Photocatalytic Activity of Titanium
Dioxide Nanotube and Graphene Oxide Composite

Nguyen Huu Tho, Tran Thi Mai Thy, Phan Tan Dat,
Vo Cao Minh, Nguyen Xuan Sang

Saigon University, 273 An Duong Vuong, Ward 3, District 5, Ho Chi Minh City, Vietnam

Abstract: This study synthesizes graphene oxide (GO) by modified low temperature Hummer’s
method and in-situ hydrothermally grown TiO, nanotube (TNT) on GO sheet. Transmission electron
microscopic (TEM) images show the homogeneous formation of TNT with the mean diameter of ~8
nm and the co-existence of TNT and GO in the composite sample. X-ray diffraction pattern of GO
indicates the successful fabrication. The UV-vis measurement with methylene blue indicates the
improvement of physical adsorption and photocatalytic activity of the composite samples.

Keywords: TNTs, GO, physical adsorption, photocatalyst



