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Tong hop hat nano TiO, bang phuong phap sol-gel két hop ,
thity nhiét va khao sat kha nang xudc tdc quang héa doi vai chat
mau metylen xanh
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Tém tit: Titan oxit (TiO,) cau truc nano c6 tinh 6n dinh vat Iy va hoa hoc cao cé nhleu ung dung,
dac biét 12 trong cdc giai phap vé mdi trudng. Cac phuong phép téng hop T102 cu tric nano bao
gdm cédc phuong phap héa hoc va vat 1y. Trong tong hop héa hoc, viée két hop hai phuong phip
sol - gel va thily nhiét 12 mét trong nhirng hudng di méi cho viée nghién ciru TiO, cdu triic nano.

Trong nghién ctru nay, trinh bay qud trinh téng hop ciia cdc hat nano TiO, bépg phuong phép sol-
gel két hop thuy nhiét sir dyng tetra isopropyl titanat (Ti(OC;Hy)4 nhu tién chat. Bac trung cua vt
liéu TiO, dugc danh gid bang cac phuong phip XRD, FESEM, va UV-Vis. Xic tic quang héa

dugc khao sit d6i voi chat mau metylen xanh.

Tur khoa: Titan oxit (TiO,), sol gel, thiy nhiét, xtc tdc quang hoa, metylen xanh.

1. Giéi thigu

Cong nghé nano dang la mot hudng cong
nghé miii nhon cia thé gidi. Nhiéu vin dé then
chét nhu: an toan ning lugng, an ninh luong
thyc, m6i truong sinh thdi, sic khoe... dugc
giai quyét thuan lgi hon dua trén su phat trlen
ctia cong nghé nano. Trong s6 d6, ¢ hai mdi
quan tdm hang dau d6i véi loai nguoi ma cic
nha khoa hoc ky vong vao kha ning giai quyét
ciia cong nghé nano 1a vin d& méi truong
vaning luong. Sy phét trién manh va thiéu
kiém so4t cua nhiéu nganh kinh té da taorasu O
nhiém mo6i  trudng nghiém trong: khi thai
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CO, giy ra hiéu tng nha kinh; ngudn nuéc va
khong khi bi nhiémcac chat doc huy hoai moi
sinh va gdy bénh hiém ngheo cho con nguoi.
Méi quan h¢ trdi nguoc gitta phat trién kinh te
va 6 nhiém moi truong séng c6 thé giai quyét
duoc dya trén cac loai vét li¢u xic tac phan huy
cdc chat doc hai, dién hinh 12 nano titan oxit
(TiO,). TiO, céu tric nano c6 tinh 6n dinh vat
1y va héa hoc cao dugc st dung trong mot loat
céc tmg dung nhu giai phap vé mdi trudng [1-
4], y sinh hoc [5] va té bao nang lugng mat troi
[6-8]. Céc phuong phap tong hop TiO, cu tric
nano bao gom tong hop héa hoc, tong hop vat
ly. Trong tong hop héa hoc, su két hop giira hai
phuong phéap sol-gel va thiy nhiét di mo ra
huéng méi cho nghién ctru TiO, cau tric nano.
Sol-gel 1a mdt trong nhitng k¥ thudt thanh cong
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nhat dé ché tao vat liéu oxit kim loai kich thudc
nano véi dédc tinh mong muon.

Béng cach lua chon cAu tric héa hoc cua
tién chat va kiém sodt cic thong s tdng hop,
cac san phélm cAu tric nano c6 thé dat dugc véi
d6 tinh khiét cao. Trong qua trinh sol-gel, TiO,
duoc tao thanh boi qud trinh thuy phan va
ngung tu ciia alkoxides titan. D¢ kiém sodt qua
trinh thiy phan va cé dugc mang ludi TiO,
déng nhét, mot s chat tao phuc nhu diol, axit
cacboxylic, hodc cdc hop chét diketonat duoc
thém vao [9]. Su ngung ty thuong dugc thuc
hién bang qud trinh gel héa hodc nung. Ngung
tu kéo theo su tao thanh cic hat gel véi kich
thudc rat nho tir d6 hinh thanh 1én tinh thé oxit
kim loai. Qué trinh nung déc biét quan trong de
loai bo céc phan tir hiru co tir cdc san pham cudi
cing va hoan thanh qud trinh két tinh. Tuy
nhién, néu nhi¢t d6 nung cao s& dan dén qui
trinh két ddm hodc chuyén pha hodc anh hudng
dén vi chu tric ciing nhu cic thudc tinh cua
TiO, [10]. Tong hop thay nhiét 12 mot "phuong
phap héa hoc mém" ché tao cdc céu tric nano
oxit kim loai hodc kim loai trong diéu kién phan
Gng vira phai, nghia la nhiét d¢ thap va thoi
gian phan tmg ngan [2, 4]. Do kha nang tao tao
d6 tinh khiét cao va tinh thé dong nht, qud
trinh thay nhiét da tr& nén phd bién dang ké
trong viéc tong hop cic chu tric nano véi su
kiém sodt vé kich thuéc hat va hinh thdi hoc.

Trong bai bdo nay, phuong phép sol-gel két
hop thily nhiét phan da dugc st dung dé ché tao
nano TiO, sit dung tetra isopropyl titanat
(Ti(OC3H;-is0),) nhu tién chat Gmg dung lam
xtc tic quang héa xu ly phan hiy methylen
blue. Céc dic trung ctia mau dugc danh gid
bang phuong phap nhiéu xa tia X, kinh hién vi
dién tor quét va phuong phip UV-Vis. Xuc tic
quang héa duoc khao sit dbi voi chat mau
metylen xanh.

2. Thue nghiém
2.1. T(fng hop vt liéu

Tét ca cdc héa chit sir dung déu 1a héa chit
tinh khiet. Nudc cat hai lan dugc st dung trong

tat ca cdc thyc nghiém. Cho vao cdc thay tinh
dung tich 100ml mét thé tich ruou isopropylic
va axetyl axeton, khudy déu, sau d6 thém tir tir
dung dich TTIP vao hon hop trén sao cho hdn
hop c6 ti 1€ vé s6 mol: TTIP: ACAC:
isopropylic = 1:1:30. (dung dich A).

Hoa tan 0,72ml nudc cét vao coc thuy tinh
dung tich 50ml dung sin Sml ruou isopropylic,
sau d6 nho tir tir hon hgp nay vao dung dich A
va khudy thém 30 phiit & nhiét d6 phong dé thu
duoc dung dich sol ¢6 d9 nhot nhat dinh.

Sau d6 cho dung dich sol ¢ trén vao thiét bi
thity nhiét phan. Tién hanh thiy nhiét ¢ nhiét do

= 160°C trong cic khoang thoi gian khic
nhau. San ph?im tao thanh duoc rira sach béng
cdn hodc nudc cat nhiéu 1an, siy kho & nhiét do
T = 90°C trong khoang thoi gian t = 24h.

2.2. Khado sdt kha nang phan hiuy metylen xanh

Cén chinh x4c 0,0097g bdt metylen xanh
cho vao 500ml nuéc cht dé tao dung dich c6
noéngdd 52uM. Ding 15mg bot TiO, thu duoc
cho vao 50ml dd trén. quy trinh xuic tdc phéan
huy metylen xanh nhu sau:

Dung dich metylen xanh chira nano TiO,
duogc khudy trong diéu kién toi 30 phiit dé can
bang hap phu va nha hap phy, sau d6 li tim dé
ling bot TiO,, phan dung dich trong dem do
phé hép thu AO.

Chiéu sang dung dich bang dén UV Osram
SUPRATEC HTT 150-211 cong suitl50W
(cong sudt phat tia UVA 1a 22W), sau céc

khoéng thoi gian t = 1h, 2h... ldy ra do pho hp
thu Al, A2... tai budc séng hap thu ddc trung
ciia vat lieu nay A = 660nm cho dén khi

ndéngdd metylen xanh giam con nho hon 5%.
bic trung cAu tric cta vat liéu duoc ddnh
gid bang phuong phdp nhiu xa tia X mau bot
trén hé nhiéu xa Brucker D8 Advance tai Khoa
Hoéa, truong DPai hoc Khoa hoc Tu nhién va hé
X'Pert PRO cua hang PANalytical-Phillip tai bd
mon Quang hoc- quang dién tir, truong Pai hoc
Bach Khoa Ha N¢i. Tia X dugc stir dung 1a buc
xa Cu-Ka véi budc séng 7»:1,5405601& O nhiét
dd phong. Hinh thai bé mat cuia vat liéu duogc
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dugc phan tich bang kinh hién vi dién tir quét
phit xatruong FESEM trén hé JEOL JSM-
7600F thudc phong thi nghiém Hién vi dién tir
va Vi phéan tich (BKEMMA) thudc Vién Tién
tién Khoa hoc va Cdng nghé (AIST). Xuc tic
quang héa duoc khao sit dbi v6i chit mau
metyl blue va sir dung phuong phép UV-Vis dé
danh gia.

3. Két qua va thao luan
3.1. Pac trung cua vat liéu

Gian dd nhiéu xa tia X mau bt cdc mau
tong hop ¢ nhiét d6 T = 160°C trong céc
khoang thoi gian khdc nhau biéu dién trén hinh
1. C6 thé nhan thay, cuong do nhiu xa khong
cao nhung van nhan théy su Xuét hién rd nét
cua cac pic 0 cac goc 20 = 25,40; 38; 48; 54;
62,73 dugc quy cho tng voi cdc mat 101; 004;
200; 105; 204 cua TiO, pha Anatase (JCPDS
21-1272- thé phd chuan TiO,). Ngoai ra khong
nhan théy su xuat hién cua céc pha khac. Khi
thoi gian thiy nhiét ting, ciing nhan thdy cudng
d6 cac pic nhidu xa ting rat it, c6 thé giai thich
do trong qué trinh ché tao, cdc hat nano TiO,
tao thanh bi bao boc bdi 16p vo hitu co can tro
tia nhiéu xa hodc do do két tinh chua tét, TiO,
con ¢ dang vd dinh hinh.

Kich thudc hat tinh thé c6 thé tinh theo
phuong trinh Debye-Scherrer:

0,894
By cos 0

Trong d6, D 1a kich thude tinh thé, nm; A Ia
budc séng anh sang, nm; k = 0,90 ; 6 1a gdc
Bragg, radians va By 1a FWHM. Kich thudc
hat tinh thé tinh dwoc déu khoang d = 9nm.
Trong khoang nhiét d¢ va thoi gian khao sit,
kich thuéc hat khong thay doi nhiéu ching to
cdc hat hinh thanh trong thoi gian ngin va
khong phit trién thém vé thé tich. Kich thudc
tinh thé phu thuc nhidu vao hé dung méi, loai
tién chat va pH ciia dung dich sol.
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Hinh 1. Gian d6 nhidu xa tia X mau bot TiO, trong
céc thoi gian thiy nhiét: a) 3h; b) 6h; ¢) 9h va d) 24h.

Hinh 2. Anh FESEM mau bot TiO2 tdng hop trong cic khoang thoi gian thity nhiét: a) 3h; b) 6h; ¢) 9h va d) 24h.

Trén hinh 2 biéu dién anh FESEM ciia miu
tong hop ¢ nhiét 46 T = 160°C trong céc
khoang thdi gian khéc nhau. C6 thé nhan thiy,
cac hat tinh thé TiO, d3 hinh thanh. Céc hat c6

kich thuéc ddng déu tir 8nm dén 10nm. Tuy
nhién khi nang thoi gian thuy nhiét trong dung
mdi isopropanol 1én t = 24h (hinh 2c) thi céic
hat thu dwoc c6 xu hudng kéo dai ra gan gibng
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dang thanh, chiéu dai L = 15:20nm va gip

khoang 3 lan chiéu ngang.
3.2. Hoat tinh xiic tdc quang

Dé khao sit hoat tinh quang xic tic cua
nano TiO, tong hop dugc, ta tién hanh phan
ung phan huy metylen xanh (MB). Hinh 3 duéi
day 1a két qua do phd héap thy UV-Vis cta dung
dich metylen xanh sau cdc thoi gian phan tng
voi mau nano TiO, va tinh todn hi€u suat phan
hay thong qua sy suy giam hé sd hap thu cua
dung dich MB tai budc s6ng A = 660nm.

— o

=5 p—2n

Absorbance(AL)

WaveRngn rm

Hinh 3. Ph6 hip thu UV-Vis ctia dung dich metylen
xanh sau cdc thoi gian phan tng khac nhau
voi mau TiO,.

Trén hinh phd 3 c6 thé thay, khi thoi gian
phan tng ting thi cuong d6 dinh phd giam dan,
diéu nay chimg t6 mau nano TiO, tong hop c6
hoat tinh xtc tic quang héa trong phan tng
phén huy MB.

Nong d6 MB con lai sau cdc khoang thoi
gian phan ung khic nhau dbi véi cdc mau nano
TiO2 tong hop & céc thoi gian khéc nhau biéu
dién trén hinh 4. C6 thé nhén thay, trong tat ca
cdc mau ndong d6 MB déu giam theo thoi gian
phan tng. Mau phan tmg cho thoi gian phan
hay nhanh nhat 12 mau tong hop sau 9h, chi sau
1h phan ung TiO, da phan huy dugc 75% va

sau 2h phan hay gan nhu hoan toan lugng MB
c6 trong dung dich chi con khoang 2,8%.

Concenirate of MB
&
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Hinh 4. Nong d6 MB con lai sau cic khoang thoi gian
phan tmg khic nhau d6i v6i cdc mau nano TiO, tong
hop & céc thoi gian khic nhau.

4. Két luan

Nghién ctru sy hinh thanh tinh thé nano
TiO, thong qua khao sat anh huong cua nongdd
tién chit va dung moéi, duy tri ti s6 phirc khong
d6i x = ACAAC:TTIP = 1. Két qua thyc nghém
cho thiy, cdc hat nano TiO, don pha anatase
dugc két tinh & nhiétdd thap, kich thudc dong
déu, va khoang 10nm véi dung mdi
isopropanol. Khao sat tinh chat xiic tic quang
voi mau nano TiO, cho thiy, trong khoang khao
sdt, mau cho két qua xic tic quang t6t nhit 1a
mau Sh, 0,IM thiiy nhiét trong dung moi
isopropanol ¢ 160°C, hi¢u suat phan huy dat
97,2% sau 2h phan tng.
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Synthesis of TiO, Nano Particles by Sol Gel-hydrothermal
Method and Investigation of Their Photocatalytic Capability
for Methylene Blue
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Abstract: Nanostructures Titanium oxide (TiO,), with high physico-chemical stability, have been
widely used in diverse applications especially for environmental treatment technology. The
combination of sol-gel and hydrothermal method for the characterization of nanostructured TiO, has
recently received considerable attention. In this study, we present the process of synthesis of TiO,
nanoparticles by sol-gel method combined with hydrothermal method using isopropyl tinanate
[Ti(OCsH;)4] as precursors. The characteristics of TiO, materials were evaluated using XRD, SEM
and UV-VIS. The photochemical catalysis was investigated for methylene blue.

Keywords: Titanium oxide (TiO,), sol gel, hydrothermal, photocatalytic, methylene blue.



