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ABSTRACT

In this work, we report on hydrothermal synthesis, structure, and
photocatalytic properties of tin oxide/reduced graphene oxide (SnOz/r-
GO) composites. The prepared photocatalysts were characterized by
XRD, FTIR, BET, SEM, Uv Vis and EDX analysis. X-ray diffraction (XRD)
patterns of the nanocomposites SnO2/r-GO showed the SnO:
tetragonal structure with the diffraction peaks of rGO phase. The Fourier
transform infrared spectroscopy shows the dominance of the
absorption peaks of SnO2 component over those of the rGO
component. The absorption spectra of the SnO2/r-GO samples showed
that the enhanced absorption intensity of visible light with SnO2/r-GO.
In addition, photocatalytic efficiency via the degradation of methylene
blue of the SnO2/rGO nanocomposites is higher than SnO:2
nanoparticles under visible light irradiation. The enhanced
photocatalytic activity of SnO2/r-GO can be attributed to vectorial
electron transfer process in the continuous network of r-GO, synergistic
interaction between r-GO and SnOz, unique double layer characteristics
and photosensitization process.

Gidi thiéu chung

diém ving hda tri va kha nang oxy héa manh hon [5].
Nhung viéc Ung dung SnO> nhu mot chat xic tac
quang bi han ché bdi kha nang tach e/h* khd (ndng

Trong vai thap ky qua, viéc st dung chat ban dan
trong inh vuc xdc tdc quang ngay cang tang do kha
nang tuong tac véi anh sang cta chang, uu diém nay
gip ching phan hay cac phan t&t 6 nhiém dudi su
chiéu xa cla 4nh sdng mat trai [1-3]. Tuy nhién, hiéu
sudt xUc tac quang cla ching phu thudc vao nhiéu
yéu t& khac nhau nhu hinh thai, khd ndng thu nhan
anh sang [4]. Bén canh do, viéc st dung cac chét ban
dan nhu TiOz, ZnO, Si0z, SN0y, ... con han ché vaéi dd
rong vung cdm (3,0 = 3,6 eV). So vdi TiOz, SnO2 co uu

lugng vung cdm clia SnO2 khodng 3,57 eV so vdi TiO2
anatase la 3,2 eV) va su tai két hgp e/h* cao nén lam
giam hiéu xudt xdc tac quang [6]. VI vay viéc nghién
cu bién tinh SnOz2 nhdm khac phuc nhiing nhugc
diém ctia SnO2 dé thu dugc vat liéu xuc tac co tinh Uing
dung cao la can thiét. Nhitng nghién clu gan déy cho
thdy SnOz dudc nghién clu lai ghép v&i mot s6 chat
ban dan co nang lugng vung cdm thdp nhu g-C3Na, r-
GO [7,8] nham tao nén cap chat ban dan hd trg nhau
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trong qué trinh chuyén dich electron. Bac biét qua
nghién clu cho thay viéc két hap SnOz vdi r-GO cho
phép phan tach khéng gian hiéu qua cac dién tr SnO2
dugc lién két vai r-GO [8]. Vdi cac dac tinh hoa ly, dién
tich bé mat riéng cao cla r-GO va su hién dién cla cac
nhom chic chira oxy c6 thé tang cudng hon niia hoat
tinh xUc tac quang ctia SnOz. Vi vay, trong bai bao nay,
chiing téi thuc hién nghién cliu t6ng hop Sn0x/r-GO
theo phuong phap thay nhiét ¢ng dung trong xd ly
methylene blue 20mg/l (MB).

Thuc nghiém va phuong phap nghién cdu

Tong hop vat liéu

Hoa chét: Tin (IV) chloride pentahydrate (SnCla.5H20),
sodium hydroxide (NaOH), ethanol (C2HsOH), graphite,
potassium permanganate (KMnOa), sodium nitrate
(NaNO3), hydrogen peroxide (H202), sulfuric acid
(H2SQ4), ascorbic acid (CeHgOs), methylene blue (MB).

T6ng hap GO

Can 1 g graphite va 0,5 g NaNO3, thém 24 mL H2504
dam déc, khudy hdn hop trong 1h, gitt lanh hén hop &
5°C. Thém tU tUr 3 g KMnQOas khudy lién tuc, & nhiét dé
dudi 15°C, sau dé nang nhiét dé lén dén 35°C va khuéy
trong 1 h. Thém 100 mL nudc cét, nang nhiét do lén
90°C va khuéy trong 1 h. Sau dé thém 5 mL H20: (30
%) va khudy trong 1 h. D& ngudi nhiét dé phong, loc
rira san phdm nhiéu 1an bang HCI 10 %, sau dé ria lai
bang nudc cat dén pH = 7. Rung siéu am hdn hap trén
véi nuéc trong 1 h. S8y khod & 70°C dé qua dém, thu
dugc Graphene oxide [9].

T6ng hap r-GO

Hoa tan 1 g GO vao 250 mL nudc cét khudy 15 phut,
thém 10 g acid ascorbic va khudy lién tuc 8 h & 50°C
thu dugc hén hop mau den. Loc rira hén hop bang
nudc cat. Sdy khd & 70°C trong 24 h, thu dugc rGO
dang bt min mau den [10].

T6ng hop SnO2

Hoa tan mét lugng SnCls.5H20 (khodng 0,26 M) vdi
nudc va ethanol (1:1), khudy tron hén hop trong 10
phut, trong qué trinh khudy diéu chinh pH hdn hop 1én
pH 13 bang NaOH. Sau dé chuyén toan bd hdn hap
vao binh Teflon, tién hanh thay nhiét & 180°C, trong 12
h. Loc rlfa nhiéu 1an bang ethanol va nudc cét, sau do

sdy & 80°C qua dém. Sau do nung & 450°C trong 2 h
(.

T6ng hop SnO2/r-GO

Hoa tan mét lugng SnCla.5H20O (khodng 0,26 M) vdi
nudc va ethanol (1:1) diéu chinh pH hdn hap 1én pH 13
bang NaOH, thém mét lugng rGO vao, khudy trén déu
hén hop. Sau dé chuyén toan bé hdn hap vao binh
Teflon, tién hanh thay nhiét & 180°C, trong 12 h. Loc
rifa nhiéu 1&n bang ethanol va nudc cét, sau do sdy &
80°C qua dém. Tiép tuc nung & 450°C trong 2 h [12].

Thi nghiém khdo st hoat tinh xdc tdc

Cho 100 ml dung dich thuéc nhuém methylene blue
20mg/I vao céc 250 ml, sau do thém 100 mg xuc tac,
khudy & t6c do khéng déi trong bong t6i 30 phat dé
dat can bang hép thu. Sau do chiéu séng bang dén
Led 50W va bat dau tinh thai gian phan huy. Trong
qua trinh thuc hién thi nghiém, dé lam giam nhiét do
clia dung dich thudc nhudm, khi bi chiéu sang bdi den
Led, cc¢ thi nghiém da dugc dat bén trong mot chau
c6 nudc chay qua lién tuc. Nong doé thudc nhudm con
lai dugc xac dinh bang phuong phép trac quang.

Phuong phdp phdn tich

Thanh phan pha ctia SnOg; r-GO dudc xac dinh bang
phuong phap XRD (D8 - Advance 5005). Kha nang hép
thu anh sang cla cac hé xtc tac dugc dac trung bang
phé hdp thy UV Vis (Tasco-V670 photospectrometer).
Thanh phan nguyén té trong mau dudgc xac dinh bang
phuong phap phdé tan xa nang lugng tia X - EDX
(JEOL-JSM 6490). Khao sat dé x&p va dién tich bé mat
riéng clia vat liéu bang phuong phéap BET. Lién két
trong vét liéu dugc xac dinh bang phd FTIR. Néng do
MB dugc xac dinh bang phucng phap trac quang tai
budc sdong 663 nm (UV Vis Novaspec Il, Buc).

K&t qua va thao luan
Bdc trung vat liéu

Gidn dd XRD (Hinh 1a) cho thdy mét dinh nhiéu xa
rong (002) trong khodng tir 23 dén 27 °, tuong Ung vdi
khodng cach gitta cac I8p graphene xép chong 1én
nhau 1a 4,47 va 3,53 A, c6 su khac vai GO co dinh
manh va sac nét & 26 = 11,7 ° tuong Ung vdi khoang
cach gilta cac 16p 1a 7,6 A (d002) [13]. Két cho thay su
hinh thanh oxit graphene bi khr d& gitp loai bd cac
phan t& nudc xen ké va cac nhém oxit.
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Hinh 1: Gidn do nhiéu xa tia X clia cAc mau r-GO (a),
SnO:2 (b), SNO2/r-GO (c)

Cac mau SnOz va RGO-SnO: cho thdy cac dinh nhiéu
xa 28 khac nhau & 26,7° (110), 33,8° (101), 38,0° (200),
51,6° (211), 54,8° (220), 57,9° (002), 61,8° (310), 65,2°
(301), 71,2° (202) va 78,5° (321). Mau XRD thu dugc clia
SnO2 xac nhan cu tric rutile véi 6 don vi t& giac (theo
thé chudn JCPDS s& 41-1445) [14]. Dang XRD cla hdn
hap SnOx/r-GO cho théy su xen phu clia mat phang
(002) ctia r-GO vd&i mat phdng (100) ctia SnO> [15]. Ty
I& nhiéu trén cudng do pic trong mau composite RGO-
SnOz cao la do qué trinh t6ng hop trong diéu kién
thly nhiét & nhiét d6 thap gidp gitr dugc cdu tric ban
dau cla r-GO [8]. K&t qua XRD da cho théy o su lai
ghép SnO2/r-GO va r-GO sau khi lai ghép van gilt
dugc cdu trdc ban dau.

Hinh 2: Anh SEM clia mau r- GO (@), SnO2 (b), SNO/r-
GO (9

Dac trung hinh thai bé mat clia cac mau GO, SnO; va
rGO-Sn0O, dudc thé hién trong anh SEM (Hinh 2). Anh
SEM clia r-GO cho thdy cdu tric phan I&p (Hinh 2a).
Quan sat &nh SEM (hinh 2¢) cho thdy hinh &dnh cla céc
hat SOz (hinh 2b) phd trén bé mat c6 dang I6p cua r-

GO. Két qua anh SEM mét phan da chidng minh sy
thanh céng trong téng hop hé vat liéu SnOz/r-GO.

Sn0Yr-GO |

20,87% Sn

7.08% Al

Hinh 3: Phd EDX clia mau SnO/r-GO va anh xa clia

cac nguyén té trong mau SnO2/r-GO cing vdi thanh

phan % cla cac nguyén té riéng 1é Sn, O, C, Al dugc
biéu dién bang cac mau khac nhau
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Hinh 4: Phé FTIR clia cac mau r-GO, SnO2, SnO2/r-GO.

Két qua phan tich phé EDX cla mau SnO/r-GO va
anh xa mau dé xac dinh su hién dién va ti 1é % cua cac
nguyén t& trong mau (hinh 3) cho thay su ton tai cla
cac dinh pic Sn, O, C ¢6 trong thanh phan ctia SnO> va
r-GO. Ngoai ra ta thdy con co su cd mat cla nguyén
t& Al c6 thé do su ton tai cta Al trong thanh phan
mang Iudi lién két gitta cac I&p r-GO. Khi quan st anh
anh xa cla cac nguyén t8 trong mau SnOx/r-GO cho
thady ma trén clia cac hgp phan SnO: va r-GO phéan bé
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xen k& nhau. Két qua EDX da cho thdy su thanh cong
trong viéc tao composite SNO2/r-GO.

PhS FT-IR clia céc hat SnOz cho thdy mét dai hdp thu
nam & ~3356 cm™' Ung vdi dao déng -OH, dinh hap
thu ném & 655 cm™ lién quan dén dao déng kéo gian
cla lién k&t O — Sn — O bat déi xiing clia SnO2, va mét
dinh hap thu & 494 cm™ lién quan dén dao déng Sn —
O tU bé mat SnO2 [16].

PhS FT-IR cla r-GO cho thdy mét dinh manh va réng
& 56 séng ~3742 cm™ dugc gén cho cac dao dong kéo
dai -OH, mét dinh déc trung & 1556 cm™ Ung vdi dao
déng cla lién két C = O trong cac nhém cacboxyl va
mot dinh hap thu & khoang 1268 cm™ dugc gan cho
lién két thom C = C [16, 17].

PhS FT-IR cla vét liéu nano SnOz/r-GO cho thdy dai
hap thu rong & 3448 cm™ do dao déng kéo gidn -OH,
dinh h&p thu ndm & 613 cm ™' lién quan dén dao déng
kéo gidn cua lién két O — Sn — O bat déi xing cla
SnOz, va mot dinh hap thu & 471 cm™ lién quan dén
dao déng Sn — O tUr bé mat SnO; [16, 17]. Ngoai ra,
dinh dic trung & 1632 cm™ (C = O kéo dai trong cac
nhém cacboxyl) va dinh hap thu & khoang 1357 cm™
(lién két thom C = C) duagc chi ra trong phé FT-IR cla
Sn0O,/r-GO. Piéu nay khang dinh sy déng ton tai cla
cac hat nano r-GO va SnO; trong cac mau lai ghép
SnO2/r-GO.

Dién tich bé mat riéng va thé tich 16 clia vat liéu dugc
xac dinh qua phuang phap dang nhiét hdp phu - giai
hép phu nitg (Hinh 5).

25
20
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Quantity adsorbed (cm®/g STP)

——Sn02/1-GO ——Sn02

0 0.2 0.4 0.6 0.8 1
Relative pressure (p/p°)

Hinh 5: Buding dang nhiét hdp phu - gidi hdp phu nitg
clia hai mau SnO2 va SnO2/r-GO

Mau SN0z | SnOy/r-GO
Dién tich bé mat (m?/g) 39,05 29,47
Thé tich 16 (cm?/qg) 0,483 0,368
Kich thudc 16 (nm) 2,94 2,44

Cac dudng dang nhiét cia SnOz va SnO2/r-GO déu
bi€u thi loai IV (theo cach phén loai IUPAC) vai céc
vong tU tré & ap sudt tuong ddi cao. Piéu nay cho théy
su hién dién cta cac hat SnOz xen k& vdi 16 x6p khéng
co tht tu trong vat liéu. Dién tich bé mat cla vat liéu
SnO2/r-GO nhé hon SnO2 cho thdy qué trinh hinh
phén tan SnO; trén r-GO da co thé lam giam dién tich
bé mat. Ngoai ra sy phan bd SnOz trén cac vong thom
r-GO cling c6 thé lam gidam di thé tich 16 va kich thudc
16. K&t quad cho thdy ¢ sy hinh thanh composite
SnO/r-GO nén dé gay anh hudng dén bé mat va ciu
trdc cta vat liéu.
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Hinh 6: Ph& UV Vis DRS (a) va nang lugng ving cam
(b) clia c&c mau r-GO, SnOz, SNO,/r-GO

Kha nang hédp thu anh séng cua vat liéu dugc dac
trung bdi phd UV Vis DRS (hinh 6a) va do thi chuyén
déi dudi dang nang lugng ving cdm theo phuong
trinh Kubelka-Munk (hinh 6b). Két qué cho thay bién
hap thu cia SnO2 dudc md& réng vé phia vung anh
sang kha kién khi lai ghép vdi r-GO. Su gidm nang
lugng ving cdm clia SnOz c6 thé do khi hinh thanh
composite SnO2/r-GO, khi dé SnOz da phan bd trén
hé lién hop r-GO (Hinh 7) [8]. Diéu nay gidp rut ngan
khoang cach chuyén dich electron nén hé vat liéu
SnO2/r-GO c6 kha néng hdp thu & vung song dai han
SnO;z ban dau.

Nhu vay, viéc bién tinh SnO2 bang r-GO da gdp phan
lam gidm nang lugng vung cam, xuc tac chuyén ving
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hoat dong vé vung kha kién va hiéu qua cla xuc tac
cang dudc tang lén.

UV Vis

Reduced graphene oxide
(RGO) sheets

on

Hinh 7: Ca ché xdc tac quang clia SnOz/r-GO

Khdo sdt hoat tinh xtc tdc quang cta vat liéu téng hop
dGi vdi su phdn hly methylene blue 20mg/|

1.5
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Hinh 8: Phé UV Vis clia dung dich MB theo thdi gian
XU ly bai SnO2/r-GO (a) va do thi C/Co theo thai gian
clia dung dich MB ¢ xUc tac va khdng xuc tac dudi su

chiéu xa anh séng kha kién (b)

Hoat tinh xUc tdc quang cla vét liéu SnO, r-GO va
mau t8 hap SnO2/r-GO dugc danh gid trén sy phan
hdy cla MB dudi su chiéu xa cla &nh sang kha kién
(Hinh 8).

Hinh 8a cho théy pic dac trung clia MB gidm dan theo
thai gian xU ly bai xtc tac SnO2/r-GO. Két qua hinh 8b
cho thdy MB khong chira chat xdc tac khi dugc chiéu
sang cling ty phan hay khoang 3%. Mau SnO: chua
pha tap cé hoat tinh xuc tac kém hon mau SnOx/r-GO
con mau r-GO khi xUr ly riéng cling cé hoat tinh xdc
tac. Diéu nay co thé gidi thich nhu sau: Graphene la
mot vét liéu dac biét cd thé hap thu ca tia UV va anh
sang nhin thdy do cau tric dién t& doc dao cla no.
Pigu nay chi ra & hinh 7 cho thay rang khi hé dung
dich dugc chiéu bdi anh sédng kha kién, xdy ra qué
trinh:

MB + hv — MB’

Graphene + hv — graphene’

MB™+5n02/r-GO-Sn02 —Sn02/r-GO-SnOz(e cs) + MB*
graphene — e (02/Sn02/r-GO-SnOz) +graphene

Nhu vay khi khong c6 mat SnOz, r-GO cling c6 hoat
tinh xtc tac quang trong vung kha kién nha su chuyén
dich electron trén hé lién hgp dai. Tuy nhién khi két
hgp vdi SnO2, hoat tinh xUc tac quang cla hé dugc
tdng vuct tréi. Vi dat tinh Sn cé thé ton tai & trang
thai Sn(ll) va Sn(IV) thuan Igi cho phan tng oxi hda khur
trong qua trinh xUc tdc quang, cac eletron trong khi
chuyén trang thai nay dugc luu giltr 1au han nhe hé lién
hgp m-w, nang lugng cho cac budc nhay electron nay
cling dugc rut ngan lai, nén hé lai ghép SnO2/r-GO
cho hoat tinh xic tac quang tét nhét trong vung anh
sang kha kién.

K&t ludn

D3 téng hgp thanh cong vat liéu composite SNO2/r-
GO theo phucng phap thiy nhiét. K&t qua cho théy
viéc két hgp r-GO vao SOz cho hoat tinh xtc tac quang
tdng cudng nhd qua trinh electron dugc luu gitr lau
hon trén hé lién hop cla graphene va budc chuyén
electron cling dugc rdt ngan lai gilip cho hé xuc tac cb
hoat tinh xuc tdc quang tét han trong vung kha kién.
Thanh phan cta hé lai ghép SnO2/r-GO cling da dugc
khdng dinh. Nghién clu nay cho thdy hé vat liéu
SnO2/r-GO la mét chat xUc tdc quang hoda co tiém
nang Ung dung trong qué trinh phan hiy cac chat hiu
¢ doc hai dudgi diéu kién anh sang kha kién.

Tai liéu tham khao
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