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Tém tat. Trong bai bao nay, vat liéu quang xtc tac Cu20/TiO2/rGO da dugc tdng hop bang phuong phap
thuy nhiét. Cac mau tdng hop duoc dic trung bang cac phuong phap nhiéu xa tia X (XRD), hong ngoai
(FT-IR), nang lirong tan xa tia X (EDX), hién vi dién ti truyén qua (TEM), UV-Vis rén va dang nhiét hap
phu — khtt hap phu nito. Két qua cho thdy graphen oxit vdi cac nhém chitc chira oxy da duoc tong hop
thanh cong tit graphit. Cac hat nano TiO:z dang anatat va Cuz20 da dugc phéan tan 1én cac tdm graphen
oxit dang khtr (rGO). Dién tich bé mdt riéng cta vat liéu giam khi cac hat nano oxit phén tan lén cac tdm
rGO va nang lugng vung cam cta vat liéu tong hop giam so véi nang luong vung cdm ctia TiOz2. Vit liéu
Cuz0/TiO2/rGO thé hién hoat tinh quang xtc tac cao trong phan ting phan huy rhodamin B duéi téc
dung cua anh sang kha kién.
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Abstract. In the present paper, the Cu20/TiO2/rGO photocatalytic material was synthesized using the
hydrothermal method. The obtained samples were characterized using X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FTIR), Energy-dispersive X-ray spectroscopy (EDX), transmission
electron microscope (TEM), UV-Vis diffuse reflectance spectroscopy (UV-Vis-DRS) and nitrogen
adsorption/desorption measurements. The results show that graphene oxide (GO) with oxygen-
containing groups was successfully synthesized from graphite. The nanosized TiO: in the anatase phase
and nanosized Cu20 were dispersed evenly over the reduced graphene oxide (rGO) sheets. The specific
surface area of the material decreases as nano-oxide particles are incorporated into the rGO and the
band-gap energy of Cu20/TiO:/rGO sample decreases compared with that of TiO2. The Cu20/TiO2/rGO
nanocomposite exhibits high photocatalytic activity in rhodamine B degradation reaction under visible
light.
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1 Mo dau

Ngay nay, cung vdi sy gia tang cac hoat
ddng cong nghiép 1a sw phat thai cac chat thai nguy
hai (chdt httu co, kim loai ndng, v.v.) vao moi
treong, dac biét la moi truong nudc. Nghién cttu
loai b cac hop chét htru co doc hai khoi nguon
nude bi 6 nhiém dé€ bao vé stic khoe cong dong la
mot van dé quan trong va cap bach, thu hat su chu
y ctia nhiéu nha khoa hoc. Xtc tdc quang duoc xem
la mot phuong phéap xt ly hiéu qua dé loai bo cac
chét 6 nhiém hitu co trong nwéc thai vi qua trinh
nay khong tao ra cac chat 6 nhiém méi [1]. Nhw da
biét, TiO2 dwoc xem la mdt trong nhiing chat xuc
tac quang hita hen nhét vi tinh 6n dinh hoéa hoc,
khoéng doc hai va chi phi thap [2, 3]. Tuy nhién,
nhitng nhuoc diém nhu ndng lwgng vung cdm kha
16n (3,2 eV), su tai hop nhanh gita dién tir va 16
trong quang sinh da lam cho TiO: thé hién hoat
tinh kém trong vung anh sang kha kién [1]. Cho
dén nay, nhiéu phuong phép khac nhau da duoc
phat trién d€ nang cao hoat tinh quang xtc tac cua
TiO:z trong vung anh sang kha kién nhu: pha tap
TiOz2 véi kim loai, phi kim, ghép TiO2 véi chit ban
dan c6 nang lwong viing cdm nho hodc phan tan
1én vat liéu cé dién tich bé mat 16n (zeolit hodc vat
liéu c6 nguodn gdc cacbon) [1, 3]. Graphen oxit (GO)
véi cdu tao gom cac tdm cacbon 2 chiéu (cacbon lai
hoa sp?) dugc xem 1a mét vat liéu day hira hen dé
tang hoat tinh quang xtc tac cua TiO2 nho cac dac
tinh co hoc, vat ly va hoa hoc noi bat. Ngoai ra, GO
con c6 nhiéu nhém chite chita oxy, lam cho né dé
dang tao lién két hydro hodc lién két van der Waals
véi TiO:2 [4]. Viéc két hop GO vao TiO:2 sé ngan
chin su tai hop gitra dién ttr va 10 tréng quang sinh
nén sé tang duoc hiéu qua xdc tadc quang cta vat
liéu bién tinh [1]. Ngoai ra, Cu20 1a chat ban dan

loai p v6i nang luong vung cdm nho (2,0 eV), c6
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kha ndng hép thu anh sang dang ké trong vung kha
kién. Do d¢, viéc két hgp TiO:2 v6i Cuz0 cling sé
tang cuong kha nidng hdp thu 4nh sang kha kién
ctia composit Cu20-TiO2 [2].

Trong bai bdo nay, nanocomposit gom titan
dioxit, dong (I) oxit va graphene oxit dang kht
dugc tong hop bang phuong phép thuy nhiét tric
tiép st dung hdn hop 2 dung moi axit axetic va
etylen glycol va hoat tinh quang xtic tac ctia vat liéu
tong hop da dwoc danh gia qua su phan huy
rhodamin B trong dung dich nudc.

2 Thuc nghiém

2.1 Téng hgp vat liéu

Nghién cttu nay st dung phwong phdap
Hummers cai tién d€ tong hop graphen oxit (GO)
[5, 6]. Cho 1 g graphit (Merck), 0,5 g NaNOs
(Guangdong) va 23 mL H2SOs ddc (Sigma-Aldrich)
vao cOc thuy tinh chiu nhiét. Khudy va lam lanh
hén hop 6 5 °C trong 30 phut. Nang nhiét d6 1én
15 °C, thém t&r tir ting lwong nhd 3 g KMnOs
(Merck) va khudy déu trong 2 gio. Tiép tuc nang
nhiét d dén 40 °C va khudy déu trong 1 gio, sau
do thém 46 mL H20 va nang nhiét 4o dén 98 °C.
Sau khi nhiét d6 6n dinh, thém tir tit 7 mL H20:2
(Sigma-Aldrich) 30%, khudy déu thém 1 gio. D&
ngudi tu nhién. Rira san pham nhiéu lan bé“mg
dung dich HCl 5% (Guangdong), roi rita bang
nudc cat dén pH = 7. Tién hanh siéu am san pham
thu duoc trong nurde 1 gio. Graphen oxit dwoc thu
lai bang ly tam va sy ¢ 80 °C trong 12 gio.

Stt dung phuong phap thuy nhiét dya trén
su két hop céc quy trinh tham khao ¢ cac tai liéu [2,
7] d€ tong hop vat liéu Cu20/TiO2/rGO. Cho 30 mg
GO vao hdn hop gom 40 mL axit axetic khan (HAc)
va 30 mL etylen glycol (EG). Tién hanh siéu am
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trong 30 phut. Thém tit tt 1 mL titan (IV)
isopropoxit (TTIP) vao hén hop va khudy trong 30
phuat. Chuyén hon hop vao binh teflon va thuy
nhiét ¢ 120 °C trong 2 gio, sau d6 tiép tuc gia nhiét
dén 180 °C va gitr trong 6 gid. Lam ngudi binh, gan
phan chét long ra khoi binh, thém 30 mL dung dich
chta 0,0187 g dong (II) axetat trong EG vao binh va
gia nhiét dén 160 °C, gitr trong 6 gio. D€ ngudi
binh, ly tam, tach 14y chat ran va sdy kho & 70 °C
thu duoc san pham. Ky hiéu san phdm la CTrGO.

2.2 DPac trung vat liéu va danh gia hoat tinh

Nhiéu xa XRD ctia mau duwoc do trén may
VNU-D8 Advance (Bruker, Germany), st dung
ngudn bite xa CuKo véi bude séng & =1,5406 A, gbc
quét 26 trong khoang 5-80°; ph6 EDX do trén may
SEM JED 2300; anh TEM do trén méy JEOL JEM-
2100F; phd hap thuy tir ngoai kha kién ran (UV-Vis—
DRS) do trén may Cary 5000 (Agilent); ph6 hong
ngoai do trén may IR Prestige 21 va dang nhiét hdp
phu — kht hdp phu nito do trén thiét bi
Micromeritics ASAP 2020.

DPanh gia hoat tinh quang xtc tac ctia vat liéu
tong hop qua phan Gng phan huy rhodamin B
(RhB) trong dung dich nwdc. Cho 100 mL dung
dich RhB (10 mg/L) vao cdc dung tich 250 mL, sau
d6 thém 10 mg chat xtc tac vao dung dich. Bit kin
cOc va khudy trong bong toi trong 2 gio ¢ 30 °C dé
qua trinh hap phu dat can bang. Sau d6, chiéu sang
hdn hop trong 3 gio bang dén Xenon 250 W c6 kinh
loc tia UV. Xéc dinh néng d¢ cua RhB trude (Ci) va
sau (Cr) khi chiéu sang bang phuong phap UV-Vis
qua viéc xay dung duong chuan. Ghi ph6 UV-Vis
bang may Shimadzu 1240. Hiéu sudt phan huy
dugc tinh bang bidu thic (1).

trong d6, Ci va Crla nong d6 RhB trudce va sau khi

chiéu sang.

3 K&t qua va thao luan

Két qua dic trung bang phd tan xa ning
lwong tia X (EDX) ctia mau CTrGO tdng hop trinh
bay & Bang 1 cho thay thanh phan chinh cia mau
tong hop la C, O, Ti va Cu, ngoai ra con ¢ 1an mot
luong khong dang ké Al va Si (c6 thé la tap chat).
Ham luong Ti va Cu trong mau [an luot 12 47,41%
va 1% vé khoi lugng. Sy phan tan cua Ti ciing nhuw
Cu lén chét nén rGO 1a kha dong déu véi do 1éch
chuan Ian lwet 1a 1,24 va 0,12 (tinh cho 4 diém do).

Thanh phan pha ctia mau GO va mau
CTrGO téng hop dugc déc trung bf?mg nhiéu xa tia
X. Két qua ¢ Hinh 1 cho thdy trén gian d6 XRD cua
GO xuat hién mot pic nhidu xa & goc 20 =11,2°, véi
khoang cach d = 0,78 nm dédc trung cho graphen
oxit [8]. Trén gian d6 ctia mau CTrGO xuat hién cac
pic & cac goc nhiéu xa 26 = 25,21°; 37,81°; 48,01°;
53,91°; 55,11°; 62,71°; 70,51° va 75,01° tuong tng
véi cac mét phan xa (101), (004), (200), (105), (211),
(204), (220) va (215) dac trung cho TiO:2 dang anatat
(JCPDSNo.21-1272) [4]; c4c pic & cac goc nhidu xa
20 =236,7° va 42,4° ddc trung cho Cuz0 [7]. Bén canh
dé, pic déc trung cho GO 6 mau nay c6 cuong do
giam, c6 thé la do mét phan GO da bi khtr thanh
rGO. Két qua nay cling twong dong vdi két qua ctua
cac tac gia Li va Zhang [2]. Theo Li va Zhang, TTIP
thuy nhiét 6 120 °C tao ra dang TiO2nH20 v6 dinh
hinh va qua trinh thuy nhiét ti€p theo ¢ 180 °C sé
chuyén TiO:2 v6 dinh hinh thanh cac hat nano TiO2
cd cau trac tinh thé 6n dinh hon. Theo Li va Ai

[2, 8], qud trinh khtt thuy nhiét bang EG sé& chuyén

H(%) = (Ci_ccfi)-loo 1) Cu(Il) vé Cu20 va GO vé rGO.
Béang 1. Thanh phan nguyén t& mau CTrGO
Nguyén t& C 0 Ti Cu Al Si
% Khéi lugng 8,40 43,14 47,41 1,00 0,04 0,01
e léc(};\]cffn (%) 0,52 1,17 1,24 0,12 0,02 0,01

DOI: 10.26459/hueuni-jns.v129i1A.5524

45



Nguyén Thi Anh Thuw va CS.

D€ dic trung ciu truc bé mat cua vat liéu,
phuwong phap phd hong ngoai FTIR da duoc st
dung. K&t qua phd FTIR tit Hinh 2 cho thdy rang,
déi véi graphen oxit, su xudt hién mét pic rong &
3414 cm™ déc trung cho dao dong cta lién két O-H
trong nhém hydroxyl hodc cua nuwdc hap phu vat
ly; pic & 1708 cm™ ddc trung cho lién két C=0 trong
nhom cacboxyl; pic ¢ 1620 cm™ dac trung cho lién
két C=C cua 16p graphen; hai pic ¢ 1176 va 1068
cm! Tan lwot duoc cho la dao dong cua lién két
C-O trong nhom cacboxyl va alkoxy [9, 10]. Biéu
nay chiing to graphit da duoc oxi hda thanh GO va
pht hop véi két qua XRD ¢ Hinh 1. Trén pho FTIR
ctia mau CTrGO xu4t hién mot dai hap thu rong ti
450 dén 850 cm ™ duoc quy cho la dao dong ctia lién
két Ti-O trong TiO: [9]. O day, cling c6 thé c6 su
déng goép cua lién két Cu—O trong Cu0 [10],
nhung su déng goép nay la khong 16n vi ham lwong
Cu kha thap (Bang 1). Ngoai ra, phd FTIR ctia mau
CTrGO ciing cho thay sy ting manh cuong do ctia
pic ¢ s6 séng 1620 cm™ lién quan dén lién két C=C
ctia cac 16p graphen. Nhu vay, c6 thé khing dinh
mot phan GO da bi khit thanh rGO.

Anh TEM ctia mau GO trinh bay ¢ Hinh 3a
cho thdy su ton tai ctia tdim GO moéng vdi cac nép
gap trén bé mat. Hinh 3b chi rd sy ton tai cua cac
hat nano TiO2 (c6 thé mét phan Cu20) véi kich
thudc kha dong déu (5-7 nm) phan tan trén bé mat
cua tam rGO.

Cutmg 6 (Cps)
1

Géc 20 (Do)

Hinh 1. Gian d6 XRD ctia cdc mau GO va CTrGO
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Hinh 2. Phé FTIR ctia cdc mau GO va CTrGO

LSRR
Hinh 3. Anh TEM ctia m4u GO (a) va CTrGO (b)

Dién tich bé mit ctia cac mau GO va CTrGO
dugc xac dinh bang phrong phép dang nhiét hap
phu va khit hdp phu nito. Puong dang nhiét hap
phu va khtt hdp phu cua cac mau déu thudce loai IV
theo phan loai IUPAC (Hinh 4) [11]. Sy xuét hién
vong tré & 4p sudt twong ddi kha cao cho thdy cac
mao quan trung binh hinh thanh t&r khoang trong
gitta cac hat. Dién tich bé mat riéng cta GO va
CTrGO Ian luot 1a 260 va 180 m?/g.
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Hinh 4. Puong déng nhiét hap phu — khit hdp phu ni to
cua GO va CTrGO

Phé hap thu kha kién
(UV-Vis-DRS) dugc stt dung d€ danh gid tinh chat

quang cta cdc mau vét liéu tong hop (Hinh 5). Két

te ngoai -

qua cho thdy, mau TiO:z chi hdp thu anh sang trong
vung t ngoai (A < 360 nm) (Hinh 5a), twong tng
v6i nang lwong vung cam tinh toan dwoc la 3,2 eV
(Hinh 5b), trong khi trén phd ctia mau CTrGO xuat
hién dai hap thu ¢ budc song dai hon (Hinh 5a),
twong ung voi nang luong vung cdm la 2,72 eV
(Hinh 5b). Nhu vay, su két hop ctia Cu20 va GO
vao TiO: da lam giam ndng lwgng vung cam cua
vat liéu CTrGO so véi nang luong vung cam cua
TiOz. Vi vay, vat liéu CTrGO c6 trién vong thé hién
kha nang xtc tac quang hoa trong vung anh sang
kha kién.

Tl cac két qua dac trung c6 thé thay
composit Cu20/TiO:/rGO da duoc tong hop thanh
cong voi cac tinh chat hoa ly twong tw nhw vat liéu
da cong bd boi Dong va cong su [12]. Tuy nhién,
voi viée st dung hon hop 2 dung méi HAC va EG,
phuong phap tong hop ¢ day cé thé ndi la don gian
hon so véi phuong phap cua cac tac gia nay. Diém
don gian & day chinh la qua trinh khie Cu(ll) vé
Cu(I) va GO vé rGO xay ra ngay trong qud trinh
tong hop.

Hoat tinh xtic tdc cia mau vat liéu tong hop
duoc danh gia thong qua phan ting phan huy RhB.
Hinh 6 trinh bay hiéu sudt phan huy ctia cdc mau
CTrGO, GO, TiO: (tdng hop ma khong 6 dung
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dich mudi dong) va composit Cu20/TiOz( tong hop
ma khong c6 GO). C6 thé nhan thdy rang mau GO
hau nhu khong thé hién hoat tinh quang xuc tac
khi hiéu suat phan huy RhB chi dat 5,38%. Mau
TiO:z thé hién hoat tinh quang xuc tac khong cao
trong vung anh sang nhin thdy véi hiéu sudt phan
huy RhB dat 15,25%. Diéu nay la phtt hgp vi TiO2
c6 nang luong vung cam kha cao (3,2 eV). Khi phan
tan Cu20 lén TiO2 hoat tinh quang xtc tac dwoc cai
thién hon véi hiéu sudt phan huy RhB dat 61,55%.
Tuy vay, mau thé hién hoat tinh quang xtic tac t&t
nhat 1a mau CTrGO véi hiéu suat phan huy RhB
dat 90,1%. Diéu nay cho thdy réng hoat tinh quang
xuc tac da dwoc cai thién dang k&€ khi phan tan
dong thoi TiO2 va Cuz0 1én nén rGO. Su c6 mit cua
Cuz0 v6inang lwgng vung cam nho (2,0 eV) da lam
tang kha nang hép thu anh sang kha kién cta vat
liéu tong hop, trong khi sy c6 mat cua rGO véi dién
tich bé mit 16n va d6 dan dién cao da lam cham
quad trinh t4i két hop gifta dién tir va 16 trong quang

sinh.
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Hinh 5. Phé UV-Vis DRS (a) va ndng luong ving cdm
(b) ctia CTrGO va TiO:
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Hinh 6. Hiéu su4t phan huy RhB cua cac mau vat liéu
tong hop

4  Kétluan

Vit liéu quang xtc tac Cu20/TiO/rGO da
duoc tong hop thanh cong bang phuong phap thuy
nhiét don gian. Cac hat TiO:2 (dang anatat) va Cu20
voi kich thwde khoang 5-7 nm da dugc phan tan
thanh cong 1én cac tam rGO. Vat liéu composit thu
dugc c6 dién tich bé mat giam so v4i GO va néng
luong vung cam giam so vdéi TiO.. Vat liéu
Cu20/TiO2/rGO thé hién hoat tinh quang xtc tac
cao hon so vdi cac vat liéu TiOz2 hay Cu20/TiO2
trong phan ttng phan huy RhB dudi tac dung cta
énh sang kha kién. K&t qua nay ciing cho thdy rang
Cw20/TiO2/rGO la mét vat liéu quang xuc tac trién

vong trong xt ly cac chat 6 nhiém hiru co.
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