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TOM TAT

Graphene thu hudt s quan tam cda cac
nha nghién ctku béi cac tinh chéat vurot troi va
kha nang tng dung cao. Nghién ciru nay
hwéng dén mét phurong phép méi, than thién
v6&i méi trrrong Ia diing TiO2 nano éng flam xic
tdéc quang dé khi graphene oxide, tao
composite TiOz/graphene. TiO, nano 6ng
duoc diéu ché bang phuong phép thiy nhiét
kiém, c6 dién tich bé mét riéng (BET) 14 418,3
m%g, dwong kinh 6ng 8-10 nm. Graphene

oxide (GO) duoc diéu ché theo phuong phap
Hummers bién thé, véi céc tdm GO khoéng
2-5 16p. H6n hop TiO, va GO Vi ti 16 khéi
lwong 1:1 duoc chiéu burc xa UVC-20W trong
khoang 1-9 gio. Sw khtr GO dwoc khao sat
qua phd héng ngoai bén dinh long va dé dén
dién. Qué trinh khi» b4t ddu bao hoa sau 5 gior
va sén phédm TiO./graphene c¢6 do dan cuc
dai a
0,13 S.cm™.

Ttr khéa: Composite TiOz/graphene, graphene oxide, khi quang héa, TiOz nano 6ng.

GIOI THIEU

Graphene thu hit sy quan tam cta cac nha khoa
hoc tir khi dugc A. Geim va K. Novoselov phét hién
vao nam 2004 [1, 2]. Graphene dugc hiéu 1a mét 16p
cac nguyén tir carbon lai hoa sp? lién két vai nhau,
mdi lién két C-C dai 0,142 nm [1]. Két qua thuc
nghiém cho thdy d6 dan p ctia graphene cd thé dat téi
15 000 cm2.V-1st ¢ nhiét do phong [3]. C6 nhiéu
phuong phép tong hop graphene nhu phwong phép
boc tach vi co hoc [1], ling dong hoi héa hoc CVD
[4], phuong phap thuy nhiét [5], hay phuong phap
khir graphene oxide (GO) [6]. Trong d6, phuong
phap khir GO ¢6 uu diém don gian, c6 thé tao luong
I6n graphene nén thudng dugc s dung nhat. Trong
phuong phap Hummers [7], nguyén liéu dau
graphite duoc oxi hoa bang cac chat oxi héa manh va
siéu am té&ch 1ép tao GO. Sau d6 GO dugc khir thanh

graphene bang céc tac nhan khir héa hoc nhu
hydrazine, KOH lodng, NaBH, [6]. Mac du phuong
phap khir hda hoc cho hiéu suit cao, graphene thu
dwgc c6 46 dan c6 thé Ién  toi
298 S.cm™ (khi dung chat khir 1a dung dich HI
55 %), nhung phuong phap nay khong than thién vai
moi truong va thoi gian khir dai [8]. Phuong phéap
khtr nhiét ciing duoc dung dé tao graphene véi do dan
c6 thé dat téi 1000 S.cm?, thoi gian khir nhanh hon
phuong phap khir héa hoc, nhung lugng mau GO mdi
Ian khir rat it, va yéu cau mau phai that kho [9]. Gan
day, nghién ciru ciia Williams [10] cho thiy trong
moi truong methanol ¢ suc khi nito, cac hat TiO,
dudi tac dung cua tia UV c6 thé khir cac tim GO
thanh graphene. Phuong phap nay than thién vai moi
truong, doéng thoi truc tiép tao thanh composite
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TiO,/graphene nhung chua dugc nghién ciru day di.
Trong nghién ciru na, ching téi danh gia sy khir GO
bang xuc tac quang héa TiO, dudi anh séng UV trong
moi trudng nudcC.

VAT LIEU - PHUONG PHAP
Piéu ché TiO2 nano éng va GO

2 g TiO2 (99,9 %, Tay Ban Nha) duoc cho
vao 50mL dung dich NaOH 10 M (NaOH
98,5 %, Guangdong, Trung Qudc). Han hop dugc
danh siéu 4m trong 30 phut bang may S30H Elma
Sonic 60Hz, roi chuyén vao cc Teflon va dun
thay nhiét & 140 °C trong 18 gio. Sau khi thay
nhiét, san pham dugc loc, rira bang nuée cit dén
pH trung tinh, sdy & 100 °C trong 24 gio va nung
& 400 °C trong 2 gio va nghién min, thu san pham
TiOz nano 6ng [11].

GO duoc didu ché theo phuong phap
Hummers bién thé [12] bang cach cho hdn hop
360 mL acid H.SO. dam dac (98 %, Guangdong,
Trung Qudc) va 40 mL acid HsPOs dam dic
(85 %, Guangdong, Trung Quéc) vao becher cé
sin 3 g graphite dit trong bé diéu nhiét, khudy
trong 30 pht trén may Direct Driven Stirer. Tiép
theo, gia nhiét 1én 40 °C, vira khudy vira thém that
cham 18 g KMnO4 (99,5 %, Guangdong, Trung
Quéc), rdi gia nhiét phan wng 1én 50 °C va khudy
trong 24 gio. Sau d6 thém 400 mL nuéc cat va 5
mL H.0; (30 %, Guangdong, Trung Quédc) vao
hdn hop phan tng dé khir KMnO, va MnO; con
du vé Mn?*. Llc nay, hdn hgp c6 mau vang sang.
Rira gan san pham nhiéu lan bang nuéc cat dén khi
dat pH trung tinh. Panh siéu 4m hdn hop 30 pht,
thu dugc dung dich huyén phu GO khéng lang.
Mot phan huyén phu dwgc phan tan trong nudc
bang siéu am, rdi quét 1én kinh dé chup AFM (kinh
hién vi luc nguyén tir). Mot phan huyén phu duoc
say & 60 °C trong 24 gio, thu duoc GO ran dé chup

nhiéu xa tia X (XRD), ph6 hong ngoai, va xac dinh
ham Iuong GO trong huyén phu.
Pinh gia TiO: va GO diéu ché

Phé XRD cua TiO; va GO diéu ché dwoc
chup trén may D8 — ADVANCE tai Phong thi
nghiém Vién Dau khi Quéc gia. Thiét bi hoat dong
véi dién ap gia téc 40 kV, cudng do dong 40 mA,
birc xa Cu-Ko. - 1,54184 A, géc quét 26 tir 2 — 70°
ddi v6i mau TiOo, va tir 2 - 30° ddi voi mau GO.
Hinh thai caa TiO, dwoc xac dinh bang phuong
phép kinh hién vi dién tir truyén suét TEM, chup
trén may JEOL JEM 1400 tai Phong thi nghiém
Khu cdng nghé cao Tp. H6 Chi Minh. Dién tich bé
mit cua TiO, duoc xac dinh bang phuong phap
BET, chay trén may Nova 3200e Quantanchrome
tai Trung tim MANAR, khi sir dung phén tich la
N2, nhiét do dudi khi trong mau la 150 °C, thoi
gian dudi khi 1 gio, thoi gian phan tich 216 phut,
nhiét d6 phan tich mau 1a -196 °C. Su tach Iop cia
GO diéu ché dugc khao sat qua anh chup kinh hién
vi lyc nguyén t¢ AFM trén may Nanotec
Electronica SPM tai Phong thi nghiém Céng nghé
nano, PHQG-HCM. Phé hdng ngoai cua TiO,
nano éng va GO dugc chup trén may Bruker
Tensor 37 & Phong thi nghiém Hop chat thién
nhién va héa duoce, truong DH Khoa hoc Ty nhién,
PHQG-HCM.

Phan ing khir quang héa GO véi xic tac TiO:

H&n hop huyén phi TiO./GO vai ty 1& khdi
lwong 1/1 duogc xir ly siéu &m trong 150 pht bang
méy S100H Elma Sonic 100Hz, rdi chiéu dén UV
(UVC-20W, Trung Quéc) trong cac khoang thoi
gian khac nhau (tir 1 d&n 9 gio). Sau do, 1 mL dung
dich HCI 1 % duoc thém vao dé lam ling, loc va
rira san pham bang nuéc cat dén pH trung tinh, va
say ¢ 60 °C trong 24 gid. Cac mau composite thu
duogc sau céc thoi gian chiéu dén UV khac nhau
dwgc ky hieu la 1 h, 3 h, 5 h,
7 h, 9 h tuong Gng véi thai gian chiéu dén.
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Panh gia dic tinh composite TiO2/graphene
Qua trinh khtr GO khi c6 mit xdc tdc quang
TiO, dudi 4nh sang UV dugc danh gia qua phd
hong ngoai ban dinh lwong két hop véi do dan cua
cac mau composite TiO/graphene. Cac mau
composite dugc nghién véi KBr theo ty 18 khdi
lugng 1:100 dé chup phd hdng ngoai ban dinh
lvong. Composite TiOJ/graphene dugc ép vién
duéi lyc 10 tan trong 3 phut va do dién tro bé

mat Rs (MQ/L)) trén thiét bi do bn dau do tai
Phong thi nghiém Vat liéu k§ thuat cao, Truong
Pai hoc Khoa hoc Ty nhién. P dan o (S-cm™)
cuia composite duoc tinh theo cong thic
6 = 1/(Rs.d), véi d la bé day vién (um), do trén
may Stylus Profiler Dektak 6M tai Phong thi

nghiém B6 mon Vit liéu mang mong, Truong Dai
hoc Khoa hoc Ty nhién, PHQG-HCM.

KET QUA VA THAO LUAN
Pac trung cuaa TiO: diéu ché

Phd XRD cua TiO, (Hinh 1) cho thiy TiO,
diéu ché biang phwong phap thuy nhiét va nung dén
400 °C c6 thé la lepidocrocite (HxTizxallxaOs
H,0) hoac polytitanic (H;Ti»0s.H,0) [13]. Buong
nén phé day, cuong do pic khong cao, ching to do
tinh thé héa ciia TiO, khdng cao. Hinh 2 Ia anh
TEM cua TiO,, cho thay san pham diéu ché c6
dang 6ng dai tir 50 - 100 nm va duong kinh ng
khoang 8 - 10 nm. Hinh thai va cau tric TiO, diéu
ché trong nghién ciru nay tuong ty nhu mot sb
cong bb trude day [11,13].
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Hinh 1. Phé nhidu xa tia X caa mau TiO2 nano éng didu ché bang phwong phap thiy nhiét kiém, sau d6 nung &

400 °C trong 2 gid, kém theo 1a phd chuan pha lepidocrocite va polytitanic.
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Hinh 2. Anh TEM cua TiOz nano 4ng diéu ché bang phuong phap thiy nhiét kiém, nung dén 400 °C.

Két qua do BET cho thiy mau TiO, nano éng
c6 dién tich bé mat riéng 12 418,3 m?/g, cao gip 5
lan so véi mau TiO; tién chat (74 m2g), va cao
gap 8 lan so véi TiO, P25 (50 m?/g). Vay phuong
phép thay nhiét trong méi treong kiém cho phép
diéu ché duoc TiOz nano éng c6 dién tich bé mat
cao, phu hgp véi muc tiéu nghién cuu.
Pic trung ciia GO diéu ché

Ph XRD cua mau graphite tién chat va GO
diéu ché bang phuong phap Hummers bién thé
duoc biéu dién trong Hinh 3. Graphite ban dau co
do tinh thé héa cao, thé hién qua duong nén min,

10 .

c6 peak dac trung cao va nhon tai 20 = 26,5°,
khoang cach gitta cac 1é6p carbon trong graphite
tinh theo cong thuec Vulf - Bragg (2d sin6 = n}) la
0,34 nm. Qua trinh oxi hoa lam mat miii dic trung
cua graphite, phé XRD caa san phdm GO chup
trong cung diéu kién c6 duong nén go ghé, mii tl
vGi cudng do thap tai vi tri 20 = 10°, khoang cach
trung binh giira céc I6p tinh duoc 1a 0,95 nm. Két
qua trén chang to khoang cach gilra cac l6p dd
dwgc ndng ra trong qua trinh oxi hoa va siéu am,
phu hop véi cac két qua nghién ciru duoc cong bd
trude day [12].

GO

o

4

Cwong d6 twong déi

[N)

MWWMW

T

15
2Theta

20 0

Hinh 3. Phé XRD ciia miu graphite tién chét va GO diéu ché
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Hinh 4. Phd IR ciia miu GO va TiOz didu ché

Qua trinh oxi héa va tach I6p graphite thanh
GO di kém sy tao thanh cadc nhém chic chira oxy
gan 1én cac tam GO thé hién trén phd hong ngoai
(IR) & Hinh 4. Miii hap thu rong tai s6 séng v =
3408 cm™ 1a dao dong hoéa tri cia nhém O-H. Tai
s6 s6ng v = 1733 cm™ ¢c6 mot miii nhon dic trung
cta nhém carbonyl (C=0) cua aldehyde, acid
carboxylic hoic cetone. Tai sé séng v = 1628 cm
1 xuat hién dao dong bién dang cua O-H. Céc hap
thu tai s6 séng 1395 cm™, 1274 cm', va 1228 cm
1 ¢6 thé 1a ctia cac nhém C-O-C trong epoxy, ether
hoic cia nhom C-O trong acid carboxylic,

alcohol. Két qua nay phu hop véi cong bé cua
Marcano va cong su [12] khi tién hanh diéu ché
GO trong diéu kién phan ung twong tu.

Anh chup AFM caa GO trén nén SiO, tai cac
vi tri khac nhau cho thay céc tim GO tao thanh c6
kich thudc da phan tan trong khoang 50 — 400 nm
va do day thay doi trong khoang 2-5 I6p. Hinh 5
1a anh AFM 2D va 3D dai dién cho miu. D6 thi ¢
Hinh 5b cho thiy anh AFM cua mét tim GO véi
do6 rong khoang 400 nm, day khoang 2 nm, ung
Véi 2 lop graphene.
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Hinh 5. Anh AFM cua c4c tdm GO phan tan trong nu6c: A) Anh 2D cho thdy kich thudc cua cac tim graphene; B)
D6 thi biéu din d6 day cia mot tim graphene dai dién; C) Anh 3D caa mét tim graphene trén nén thiy tinh.
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Khir GO bing xiic tic quang TiO>

Phé IR ban dinh luong cua composite
TiO/graphene sau cac thoi gian phan ung khac
nhau duoc trinh bay trong Hinh 6. C6 thé quan sat
thay sy giam cuong d6 cua cac dao dong O-H va
C=0 trén cac mau theo thoi gian phan tng. Tuy
nhién, phé IR cua GO va TiO, nano éng dung
trong phan tng xc tac quang & Hinh 4 cho thay
ca GO va TiO; déu c6 hap thu cia dao dong O-H
& khoang 3400 cm™ va 1630 cm, vi vay rat kh6
déanh gia cdc nhom O-H trén GO c0 bi khir hoan
toan hay khéng trong phan tng quang xuc tac.
Cudng d6 cua dao dong C=0 tai s6 séng 1730 cm
! ¢ling giam theo thai gian phan tmg, nhung ngay
ca khi chiéu dén téi 9 gio, van con

quan sat dugc dao dong cia nhém C=0 trén phd
IR, chiing to qua trinh khir GO bang xdc tic quang
van chua hoan toan. Williams va cong su [10] cho
rang khi TiO, nhan photon véi nang lwong thich
hop, cac electron quang sinh tao thanh trén day
dan coa TiO, c6 thé chuyén qua cac tim GO va
khtr cac nhém chirc chira oxy trén bé mat GO. Tuy
nhién, nghién cau trén khéng danh gia mac do cua
phan tng khir. Nghién ciru ciia ching tdi cho thay
qué trinh khir quang xuc tac cdc nhém chirc chaa
oxy trén GO xay ra khdng hoan toan, két qua nay
c6 thé 1a do GO duing trong thi nghiém khéng hoan
toan 1a don 16p.
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Hinh 6. Phé IR ban dinh lugng cua TiO2/graphene véi thoi gian khir quang x(c tac khac nhau.

Trang 233



Science & Technology Development, Vol 18, No.T3- 2015

-0.5 - T

-2.04

Logo

-25

o]

Thii gian (git)

Hinh 7. D6 thi bidu dién log o cia
TiOz/graphene theo thoi gian

Céc nghién ctru trude day chi ra rang, su khir
cac nhém chirc trén GO lam phuc hai lai cé4c lién
két 7 lién hop trén graphene va lam ting d6 dan
cua chung [10,12]. Trong nghién ctu ndy, ban dau
d6 dan cua TiOz/graphene ting cham, rdi ting
nhanh sau 3 gio (Bang 1 va Hinh 7). Tu 5 gio tré
di, gia tri d6 dan cua composite TiO2/graphene dat
cuc dai khoang 0,13 S.cm™ va khéng thay ddi nita,
su khir quang hdéa GO dé dat muac bédo hoa. Phuong
phap khir GO bang xuc tac quang TiO, nano ng
trong nghién ctru nay tao san pham c6 d6 dan cao
hon mét s6 phuong phap khir hda hoc khéac, nhu
khtr bang dung dich KOH (o = 1,9x10° S.cm™)
[6], khir bing NaBHs (c = 0,045 S.cm™) [6],
nhung thdp hon san pham khir véi dung dich HI
(c = 298 S.cm™) [8], hay khur nhiét (c = 1000
S.cm™) [9]. Ciing néi thém rang san pham do do
dan trong nghién cau nay la composite
TiOu/graphene chtr khong phai thuan graphene
nhu cac san pham tao tir phuong phap khir nhiét
hay khtr hoa hoc néi trén. Trong nghién ciru cta
ching t6i, d6 dan cuc dai cia composite

TiOz/graphene ting khoang 130 lan so véi ban
dau, khé cao so véi sy giam dién tré ciia composite
TiOJ/graphene tao thanh trong nghién ciu cua
Williams va cong su (khoang 10 1an) [10].

Bang 1. Po dan cac mau TNTs- graphene sau khi
khir quang xuc tac voi cac thoi gian khac nhau.

Tén mau Po din Log (o)
(o, S.cm?)
1h 9,83x10* -3,00
3h 1,73x103 -2,76
5h 1,31x10! -0,883
7h 1,34x101 -0,872
9h 1,33x10! -0,876
KET LUAN

TiOz nano éng téng hop bang phuong phap
thily nhiét trong dung dich kiém c6 dién tich bé
mit cao, ton tai & pha lepidocrocite hoac
polytitanic. GO diéu ché biang phuong phap
Hummers bién thé khi phén tan trong nuéc c6 2 -
5 16p, véi kich thude da phan tan. Su khir GO bang
xUc tac quang hoa TiO, dudi anh sang

UVC - 20W la khéng hoan toan. Sy khtr dat cuc
dai sau 5 gio, san pham TiOz/graphene tao thanh
lac d6 c6 do dan 120,13 S.cm™.,

Loi cam on: Cac tac gid cam on phong thi
nghiém Polymer da hé tro diéu kién dé tong hop
graphene oxide. Cam on Phong thi nghiém Vit
lidu kp thudt cao da hé tro ching t6i do dé dan.
Cam on Th.S. Mai Thanh Tam vé cdc thdo ludn
pho AFM.

Reduction of graphene oxide by TiO;
nanotubes photocatalyst
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ABSTRACT

Graphene has attracted studies because
of its superior properties and potential
applications. In this research, we aimed to
implement a friendly environmental method to
produce TiO./graphene composite by using
photo-catalyst materials — TiO» nanotubes —
to reduce graphene oxide. The TiO;
nanotubes was synthesized by alkaline
hydrothermal treatment method, and have the
surface area (BET) of 418,3 m?g, and
diameter of 8-10 nm. Graphene oxide with 2-
5 graphene layers was produced by

Hummers method. The mixture of GO and
TiO2 in water, with the ratio mrio2/meo = 1/1,
was irradiated under an UVC-20W light
during different time (1, 3, 5, 7, and 9 h). The
reduction of GO to graphene was investigated
by semi-quantitative infrared spectroscopy
and electrical conductivity. Results showed
that the reduction of GO reached to the
maximum after 5 hours; and the electrical
conductivity of the TiO»/ graphene composite
was 0,13 S.cm™.

Key words: TiO2/graphene composite, graphene oxide, photo-reduction, TiO, nanotubes
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