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SUMMARY

EFFECT OF GRAPHENE OXIDE LOADING ON THE CATALYTIC ACTIVITY OF
TiO,/MGO IN PHOTOCATALYTIC OZONATION OF RR195 DYE

A series of TiO,/graphene oxide (TMGx) nanocomposites were synthesized via the hydrothermal method.
The X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) analyses confirm the reduction of
graphene oxide (MGO) to reduced graphene oxide (rGO) in the presence of TiO,. Enhanced MGO loading
increases the material's surface area and mitigated the aggregation of TiO, nanotubes on the MGO surface.
The X-ray Photoelectron Spectroscopy (XPS) method, complemented by UV-Vis spectra, revealed the
formation of Ti-O-C bonds, which functioned as electron transport pathways from TiO, to MGO, thereby
reducing electron/hole recombination and extending light absorption into the visible spectrum, narrowing
the bandgap (E,,) relative to TiO, nanotubes. The TMG5 catalyst demonstrated the highest degradation
efficiency for RR195 dye among the catalysts studied. Within 20 minutes of reaction, TMG5 achieved
complete removal of RR195 dye, with TOC mineralization reaching 75% after 60 minutes of catalytic ozone
oxidation synergistic photocatalysis (COP). However, further increasing MGO content slightly decreased
the catalytic activity of RR195 (with TOC reaching 70% after 60 minutes), attributed to the shielding effect
of MGO which covers TiO; active sites and obstructs light penetration.

Keywords: Titanium dioxide nanotubes, Graphene oxide, RR195 dye, Photocatalytic ozonation.

2 h xdc tac do chi phi san xuat thap, do 6n
1. MODAU dinh cao va doc tinh thap. Han ché cua
Ngay nay, qua trinh ozon hoéa xuc tac TiO; 1a nang lwong ving cam rong
quang hi¢p dong (COP) 1a phuong phap Ebg = 3,0 =3,2 eV nén chi hoat dong t6t
méi de loai bo cac chat hitu co khé phan trong ving UV, cling véi d6 1a téc do tai
huy ra khoi méi truong nudc [1]. Trong t6 hop e va 16 tréng (h*) nhanh dan dén
qua trinh COP, ozon déng vai tro la chat hiéu suat lwong tu thap han ché kha ning
loai bo electron (e) & be mat chat xdc tac, cua chling khi tham gia vao céc phan ung
tr d6 tao ra anion ozon, goc hydroxyl oxy héa khtr véi co chét [4]. Do d6, nhiéu
(‘OH) va lam giam su téi hop e /h" [2, 3]. nghién ciu da tap trung vao viéc ngin
TiO, la chat xuc tac truyén thong duoc sir chan su tai t6 hop e /h*, thu hep dai ning
dung trong ca hai qua trinh COP va quang lwong ving cam Epg cia TiO, nhu: pha
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tap véi cac kim loai quy [5], pha tap voi
phi kim loai [6], ling dong TiO; Ién bé
mat cac vat liéu c6 dién tich I6n [7].
Trong d6, chat ban dan loai p (rGO) duoc
nhiéu nha nghién ctu lya chon do ching
cb d6 dan cao, khi két hop voi chat ban
dan loai n 1a TiO; tao thanh Iop tiép xdc
p-n gitp ting tbc d6 chuyén dong cua cac
hat mang dién tr TiO, sang rGO [8].
Trong vat liéu compozit cau tric nano,
graphen oxit (GO) ham luong thap bi khir
thanh rGO do cac nhom chac cia GO da
tham gia lién két vsi kim loai/oxit kim
loai [8, 9]. Do d6, ham lugng GO trong
vat liéu nano compozit TiO,/GO dong vai
tro quyét dinh dén hiéu suat cua phan tng
quang Xxuc tac hoac COP phén huy co
chat. Khi ham luong GO thép ching déng
vai tro nhu bo phan thu nhan e trén TiO;
dé giam qué trinh tai hop e /h*, thu hep
E g va khong che chan anh sang truyén
dén xuc tac [9]. Tuy nhién dién tich bé
mat bi han ché va diéu nay co thé lam
giam hoat tinh xuc tac. Nguoc lai khi ham
luong GO 16n dién tich bé mat tang Ién
nhu’ng cling gay ra hi¢u ung che chan &nh
sang truyén dén T|02 va giam su tiép xuc
chat phan ung dén céc tam hoat dong trén
TiO,. Céc nghién ctu vé anh huong cua
ham lugng GO trong phan trng quang héa
va COP di duoc nhiéu nha nghién cuu
quan tam nhu: Igbal [10], Liu [11],
Ewelina Kusiak-Nejman [12],
Mohammad Ali Zazouli [13] va F.J.
Beltran [14]. CAc tac gia déu nhan dinh
GO gilp van chuyén e tir dai din cua
TiO; sang GO, ting dién tich bé mit,
giam Epg tir d6 1am tang hi¢u qua cua xuc
tdc compozit so vai GO va TiO; riéng lé.

Thudc nhuom hoat tinh RR195 14 mét
trong nhiing loai thudéc nhuém thuong
dugc st dung trong nhuom vai. Tuy
nhién, RR195 c6 cu tric phic tap va kho
phan hay, cac phuong phap xt ly nudc
thai truyén thong thuong khéng thé loai
bo hoan toan chung ra khoi méi truong
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nudc [7]. Do d6 trong cong trinh nay,
ching toi st dung phuong phap thuy nhiét
dé tong hop xuc tac compozit éng nano
TiO, pha tap graphen oxit véi ham lugng
tr 1 -7% (TMGX). Anh hudéng caa ham
luong GO dén tinh chat vat lieu dugc
danh gia thong qua cac phuong phéap dac
trung hoéa 1y hién dai. Hoat tinh xic tac
TMGx phén huy RR195 dugc danh gia
bang qua trinh COP duéi ngudn phét xa
anh sang LED (A> 400 nm) cung thiét bj
sinh O3 ndng d6 duy tri 15mg/L.

2. THUC NGHIEM
2.1. Hoéa chat

Thuéc nhuém RR195 c6 coéng thuc
C31H19C|N701955Na5; kh61 lu’c_yng phén t
1136,32 g/mol; budc séng Amax=542 nm
(Trung Qudc). Cac hoa chat khac nhu:
HCI, NaOH, TiO,-P25 déu la hoa chat
Trung qudc duoc st dung truc tiép khong
qua qué trinh tinh ché lai. Binh khi N,
99,99% va O, 99,99% dugc cung cap bai
cong ty Venmer, Viét Nam. Nugc cat 1
lan duoc sir dung cho tat ca qua trinh tong
hop va xu ly.

2.2. Tong hep xGc tac compozit dng
nano TiO,//MGO

Xlc tdic TMGx duoc tong hop bang
phuong phap thuy nhiét theo hai budc.

Budc 1: Graphit oxit duoc tong hop theo
phuong phap Hummer cai tién di duogc
trinh bay trong cong bd trudc day [15].
San pham graphit oxit dugc tach 16p bang
ky thuat vi song ¢ 700W, thoi gian 10s
dugc ky hiéu MGO. MGO c6 kich thudc
hat 100 mesh va pH= 6.5.

Budc 2: Phéan tan 4g TiO, —P25 vao 80
mL NaOH 20M suc N, va khudy trong 30
phUt tai tc dd 200 v/pht tao thanh huyén
phU tring duc A. Sau d6 phan tian mot
lugng MGO da duogc tinh toén tuo budc 1
vao trong 80 mL nudc/etanol theo ty 1€
1:1 vé thé tich siéu am 10 phut thu duoc
huyén phd B. Thém tir tir huyén phu B



vao huyén pht A va khudy manh 500v/p
trong 30 phat. Két thac qué trinh trén
huyén phu duoc dua vao binh autoclave
dung tich 200 mL va duy tri nhiét do
120°C trong 15h. San pham cua qua trinh
dugc loc rira bang HCI 0,IN va nudc cit
dén pH =7 sau d6 sdy ¢ 100°C trong 6h dé
loai nudc. Xac t&c TMGx thu duoc bao
quan trong lo kin.

Mau xdc téc 6ng nano TiO, duoc tong
hop theo quy trinh trén trong dieu ki¢n
vang mat MGO.

2.3. Dac trung xuc tac

Nano compozit TMGx, MGO va 6ng nano
TiO, duoc dic trung bang phuong phap
XRD trén may D8 Advance (Puc) bac xa
Cu Kg, A= 1,5406 A, khoang quét 20 = 1 -
70°, SEM phan tich trén may Hitachi S-
4800. o BET sir dung may Trista Plus Il
(M¥) va phé XPS trén méay MultiLab2000,
Han Quéc. Tinh chat quang hoc cua xdc
tac duoc danh gia bang phd UV_Vis DRS,
JASCO V-670 (Nhat).

2.4. Panh gia hoat tinh xUc tac

Thi nghiém duoc thuc hién trén hé thiét bi
dang mé voi dung tich 500 mL c6 khuay
200 v/p. Ngudn LED 50W (A: 400 - 650
nm) duoc chiéu theo phuong thing dung
vai khoang cach 20 cm so véi binh phan
tng. Khi ozon (Os) nong d6 15 mg/L
dugc dan vao hé thi nghiém qua ong thay
tinh c6 gan mang xdp, kich thuéc
micromet. Luong Oz du duoc dan ra
ngoai, sau d6 dwoc hip thu trong dung
dich KI (2%) dé tranh 6 nhidm. Trudc khi
tién hanh phan ung COP tit ca xuc tac
dugc dua qua ray cO kich thudc 250 pum
dé han ché sy anh huong cua kich thuge
hat. Tiép theo, xuc tac nong d6 0,3 g/L va
dung dich RR195 ndng d6 50 mg/L dugc
khudy tron trong bong téi 30 phut dé dat
can bang hap phu. Sau mdi khoang thoi
gian nhit dinh 5 mL mau duoc lay ra, suc
bang khi N, va thém 2 giot Na;S,03 0,1N
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dé dudi goc oxy hda (ROS) va O; du.
Nong do RR195 con lai dwoc phan tich
trén may UV_Vis Lambda 35 & budc
s6ng 542 nm. Téng cacbon hitu co (TOC)
trong dung dich duoc loc biang mang loc
0,2 micromet va dugc phan tich bang méay
phén tich TOC (Shimadzu TOC-V CPH ,
Nhat Ban).

3. KET QUA VA THAO LUAN

3.1. Gian d6 nhiéu xa tia X - XRD va
dwong dang nhiét hap phu khir hap
phu N,- BET

Céc két qua do XRD va phan tich BET
cua xuc tac TiO,, MGO va TMGx duoc
dua ra trén hinh 1.
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Hinh 1. Gian d6 XRD (a) va duong hip phu-giai
hap N, (b) cia MGO, TiO, va TMGXx
Hinh 1 cho thdy gian d6 XRD cua MGO
Xuat hién pic 26 ~10,5° va 43,9° dugc quy
cho cac mat phan xa (002) va (100) trong
vat lieu GO. Céc pic véi gia tri 20 & 25,3°;
37,7; 48°% 55% 62,7° dugc quy cho cac
mat phan xa (101), (004), (200), (211) va
(204) trong pha anatase tinh khiét cua



TiO, [16]. Khi dua cac TiO, lén chat
mang MGO lam cho dinh pic 20 ~10,5°
va 43,3° hau nhu khong con quan sat thay.
Diéu nay duoc cho la sy dan xen cua cac
dng nano TiO; gitra cac 16p cua MGO da
lam suy yéu tin hiéu cua dinh cacbon,
cling nhu dién ra qua trinh kha MGO
thanh rGO [9]

Trén duong hap phu-giai hap N, cia mau
MGO ciing nhu TMGx (hinh 1b) déu
Xuat hién vong tré giira duong hap phu va
giai hap phan loai H1 kiéu IV dic trung
cho vat liéu mesoporous cachon theo
IUPAC [6, 10]. Dién tich bé mat coa
MGO va TMGx déu cao hon nhiéu so véi
5ng nano TiO, (98 m%(g). Dién tich bé
mat cia TMGx (167 - 204 m?/g) ting dan
khi ham Iuong MGO ting 1én va déu nho
hon so véi dién tich bé mat cia MGO
(336 m?/g). Két qua nay ciing phu hop véi
cic bao cao cua Wang va Ewelina
Kusiak-Nejma [12, 17]. Nhu vay, qua
trinh b6 sung MGO vao TiO, gop phan
lam ting dién tich bé mat va giam kich
thudc tinh thé cia TiO, [11]. Puong kinh
mao quan cua TiO, va TMGXx nam trong
khoang tir 20 - 36 nm va tir 19 - 24 nm.
Sy phan bé mao quan giam tir 1,719 caa
MGO xubng 1,089 trén TMGx duoc quy
cho su hinh thanh cac khoang khéng gian
xen giira cac dng nano TiO, trong vat liéu
TMGx [11]. Dién tich bé mat cua xdc tac
tang gop phan nang cao hiéu suat caa xdc
tac trong phan ing COP [10].

3.2. Anh SEM

Anh SEM cua xtc taic TMGx duoc dua ra
& hinh 2.

T anh SEM nhan thdy véi ham luong
MGO thap <1% van xuat hién su két tu
cua cac ong nano TiO,. Khi ham luong
MGO ting lén su két tu giam dan, cac éng
nano TiO, dugc phan tan kha dong déu
trén bé mat MGO. Tuy nhién khi ham
luong MGO >5% xay ra su boc phi mot
phan céc ong nano TiO, bai cac lop
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MGO. Diéu nay xac nhan rang: khi pha
tap MGO vao vat liéu TiO, gilp giam su
két tu caa cac ong nano tir d6 cac tim
hoat dong cia TMGx dé dang tiép xdc véi
cac chat hitu co gitp cai thién hoat tinh
xUc tac cua vat liéu [12].

4| mm™E3
A0 .

c) TMGS5

Hinh 2. Anh SEM cuia x(c tac TMGx: (a) TMG1;
(b) TMG3; (c) TMGS5; (d) TMG7

3.3. Phd quang tir quang dién tia X

(XPS)

Két qua phan tich XPS cua TiO, va

TMGX duoc dua ra trén hinh 3.
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Phé XPS trén hinh 3a cho thay su c6 mat
Clia cic pic dic trung cho su ton tai cia C,
Ti, O trong TMGx [18]. Tin hi¢u manh
cua Tiyp va Ozs €O nguon géc tir TiO, va
su hién dién cua tin hiéu Cis xac nhan su
ton tai cua rGO trong vat liéu. Ddi voi
ong TiO, cac pic & 458,6 va 464,3 eV
tuong tng Voi Ti2ps, va Ti2py, dugc gan
cho trang thai Ti*" trong TiO; (hinh 3b)
[11]. Khi ham lwong MGO thap khéng
quan sat thdy su dich chuyén céc muc
nang lugng cua Ti2ps;, va Ti2py, trong
vat ligu compozit. Khi ham lugng MGO
tang cao su dich chuyén khoang 0,8 eV vé
cac pic c¢6 nang luong cao hon da dugc
quan sat thdy. Su dich chuyén nay duoc
cho 1a su chuyén dich e tir ban dan loai n
(TiO,) sang chat ban dan loai p (MGO)
dan dén hinh thanh cac lién két mai Ti-O-
C [9]. Mot ly giai khac cho su dich
chuyén nay la do sy phan bé lai dién tich
o 16p bién gitra MGO va TiO; do su khac
nhau gitra d6 am dién cac nguyén to Ti,
O, C gay ra [19]. Tuy nhién ca hai ly giai
déu cho rang c6 sy van chuyén dién tich
xay ra gira MGO va TiO; trong vat li¢u
compozit hinh thanh.

3.4. Pho hap thu UV_Vis

Két qua phd UV_Vis rin duoc dua ra trén
hinh 4.
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Hinh 4. Pho UV_Vis (a) va PL (b) ciia TMGx

Hinh 4 cho thay ham luong MGO anh
huong dang ké den tinh chat quang hoc va
su hap thu anh sang doi vai vat liéu
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compozit TMGx. Khi ¢c6 mat MGO gay ra
su chuyén dich d hap thu anh sang trong
vung UV (TiO,) sang vung &nh séng kha
kién (TMGx). Bo hap thu anh sang 400 -
700 nm tang I1én khi lwong MGO tang tir O
- 5%, trong khi giam nhe & ham lugng
MGO cao (7%wt) do hiéu tng che chan
anh sang gay ra [9]. Két qua nay ciing chi
ra rang khoang cach dai Eng cua TiO,
trong vat li¢u compozit da dugc thu hep
lai [11]. Su thay doi nay la do sy hinh
thanh lién két héa hoc (Ti-O-C) giira TiO,
va MGO va gia tri Eyg ctia GO thap hon
TiO [20]. Theo phuong phap Kubelka—
Munk va biéu dd Tauc (¢hv)” dai ning
lugng Epg cua TiOp TMG1, TMGS,
TMG5, TMG7 lan lugt 1a 3,25; 3,19;
2,91;2,78va2,85¢eV.

3.5. Hoat tinh xuc tac phan hiy RR195

Hoat tinh xuc tac TMGx trong phan huy
RR195: dugc thé hién trén hinh 5.

Két qua tir hinh 5a cho thdy O3 don 1& ¢6
kha nang phan hiay RR195 dat 52% sau
60 phat. Mac du Oz khéng hip thu &nh
sang > 400 nm nhung trong diéu kién pH
acid (5,5), Os tan cong céc lien két doi
C=C va vong thom trong cau tric RR195
do d6 ndng d6 RR195 giam 48% sau 60
phat phan Gng. Tuy nhién d6 khoang hoa
thap, TOC dat 19% sau 60 phut cho thay
su hinh thanh chu yéu cac hop chat trung
gian mach ngan chir khdng chuyén hoa
hoan toan thanh CO, va H,O do hang sb
tbc do phan ung cua Os thap [21, 22]. Khi
cd mat cac xuc tac RR195 bi phan huy
nhanh chong trong thoi gian 20-30 phat
va rat kho phan biét trén cac hé xlc tac
TMGx do d6 phan tich TOC da duoc ap
dung. Két qua trén hinh 5b cho thay, mic
dd céc 6ng nano TiO, hoat dong kém
trong ving anh sang kha kién tuy nhién
kha nang phan huy RR195 trén hé xdc tac
nay khi c6 mat Oz + LED van dat hiéu
qua cao, phan huy RR195 hoan toan sau
40 phut. Piéu nay co thé duogc giai thich



la do cAu truc tinh thé va dién tich bé mat
l6n gitp O3 d& dang hap phu trén bé mat
xuc tac va két hop Vi e trong 6ng nano
TiO, dé tao ra cac goc oxy hda gip phan
huy RR195 [4, 23].
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Hinh 5. Hoat tinh xic t&c TMGx trong phan huy
RR195: (a) ph&n hay RR195 va (b) kha ning
khoang héa TOC
Pbi vai TiO, cho thdy gia tri TOC dat
50% sau 60 phat phan tng. Khi st dung
xuc tdc TMGX, hiéu qua khoang héa TOC
dat lan luot 12 56%, 63%, 75%, 71% (X tir
1-7, tuong tng) va déu cao hon so véi
TiO,, O3 riéng 1é. Giai thich diéu nay theo
ching téi trong qué trinh COP sy tao
thanh cac gbéc -OH c6 thé dugc tao ra
béng nhiéu cach khic nhau nhu: phan tng
thé dién tir hodc phan &ng cong vong truc
tiép ciia O3 voi RR195 tao ra cac goc
hydroxyl trung gian [24], khd nang bay e
trong dai dan cua xuc tac boi O; tao thanh
cac goc anion ozon khong on dinh hoat
dong nhu chat thic day phan ung day
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chuyén dé tao ra -OH [4]. Do d6 hiéu xuét
xuc tac trén h¢ TMGx duogc ting cuong.
Trong s6 cac xc tic TMGXx, xlc tac
TMGS cho hiéu qua tét nhat trong nghién
ctru nay la do: dién tich bé mat cao clng
Véi su gop mat caa MGO giup glam qua
trinh tai to hop e /h", giam sy két tu ong
nano, ting cuong su tiép xdc cua Oz Véi
cac nhom Ti-OH bé mat va dai ning
luong Epg thap nhét (2,78 eV) da lam ting
kha nang hap thu anh sang ving kha kién
tir d6 giup tang hiéu qua phan huy RR195
SO V&i cac xuc tac con lai.

4. KET LUAN

D3 tong hop dugc xdc tac nano compozit
TiO, dang 6ng nano pha tap MGO Vvéi
ham luong thay doi tir 1 -7% khdi luong
bang phuong phap thiy nhiét. Cac két qua
phan tich gian 6 XRD va anh SEM da
chang minh MGO ham lugng thap bi khir
thanh dang rGO khi c6 mat TiO,. Ham
lugng MGO tang giup cai thién dién tich
bé mit va han ché sy két tu cua cac ong
nano TiO, trén bé mat MGO. Két qua
XPS, UV _Vis xac nhan sy hinh thanh lién
két Ti-O-C la kénh van chuyén eletron tir
TiO, sang MGO gilp giam su tai to hop
e /h*, md rong ving hap thu &nh sang
sang vung kha kién va Eyy giam so véi
TiO, don 1é. Su du thira ham lugng MGO
gay ra su boc phu cac tdm hoat dong cua
TiO, ciing nhu giy ra hiéu ung che chin
anh sang trong phan tng COP.

Tat ca cac xuc tac déu phan huy hoan toan
RR195 sau 20 - 40 phat phan ung. Xuc
tdc TMG5 cho hiéu qua khoang hoa TOC
t6t nhat, sau 60 phat dat 75%. Hiéu suat
phan huy RR195 trong phan ung COP
trén cac hé xuc tac duoc cai thién la do
hiéu ng hiép ddng giira ozon x(c tac va
quang xUc tac tao ra cac géc oxy hoa
manh gitip ddy nhanh téc d6 phan ang.
Két qua nay cho thay cdng ngh¢ nay c6
hiéu qua phan huy chat hitu co doc hai va
tiém niang trién khai ¢ nhitng khu vuc c6
nhiéu anh sang mit troi.



Loi cdam on: Nhom tac gia xin gui 1oi
cam on dén dé tai co s¢ VHH.2024.05 da
tai trg kinh phi cho nghién ctu nay.
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