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ABSTRACT

A titanium dioxide sol with nano particle size distribution was
synthesized using TiCl, as a precursor. The sol was prepared by a
process where HCl was added to a gel of hydrated titanium oxide to
dissolve it. The resulting aqueous titanic acid solution was heated to
form titanium dioxide sol. The effects of preparation parameters, viz,
concentration of TiO,, pH value of the Ti(OH)4 gel, temperature and
time were investigated. The materials were characterized by
transmission electron microscopy and zeta sizer. The results showed
that the TiO, particles were rhombus is about 12 nm, and were in
anatase structure. The best preparation condition was optimized with
the pH value of Ti(OH), gel at 8, TiO, concentration of 0,7%, and

heating at 97°C for 30 h.

Gidi thiéu chung

TU vai thap ky nay, titan dioxit (TiO,) da dugc st dung
rong réi lam chét xdc tac quang hoé [1-7]. Nhiéu céng
trinh cong bd cac két quad vé qua trinh ché tao va va
dac trung cla vat liéu titan dioxit [8—12].

Dudi tac dung cla xdc tac TiO,, nhiéu chat hitu cg cé
thé bi oxy hoa thanh CO, va H,O & nhiét dé phong, khi
dugc chiéu bdng tia sang trong ving t& ngoai hodc
vung can to ngoai. Anh sang tia cuc tim kich thich cac
electron tU ving hoa tri 1én vung dan va dan tdi cap
electron/I6 tréng c6 thé di chuyén dén bé mit va bat
dau phan Ung khi oxi hda véi cac chat hitu co dugc
hép phu [13-16].

Bén canh nhiing Ung dung cla céc vét liéu TiO, dang
bét, cac Ung dung & dang mang mong, cé kich thudc
nano [17-19] cling rat dugc quan tam, ma trong do,
dién hinh trong linh vuc xtc tac 1a bé mat tu lam sach.

Titan dioxit dugc téng hgp bang cac phuong phap nhu
lang dong hai hda hoc [20-22], 1&ng dong si dung tia

laser va xung [23], phun nhiét phan [24], thiy nhiét [25,
26], phuong phap ban phéa ion tU (DC magnetron
sputtering) [27], vi nhi tuong [28-32] va phuang phap
sol-gel [33-38]. Cac phuang phép thdy nhiét, vi nhi
tuong va sol-gel da dugc s&t dung réng rai do cod chi
phi thép.

Bang phuang phép sol-gel, sol TiO, v6 dinh hinh trong
suét dudgc hinh thanh sau khi thdy phan tién chéat TiO,,
sol ¢6 thé phl tryc ti€p 1én bé mat cac chat nén ma
khéng cén nung. DE khéc phuc mét s6 nhugc diém cla
phuong phap sol — gel, phucng phap sol-gel cai tién,
phuong phép peroxo sol — gel [39-41] dugc si dung dé
diéu ché sol TiO,, trong do peroxo axit titanic (PTA)
dugc hinh thanh bdi viéc bé sung H,05.

Trong nghién clu nay, phuong phap sol-gel cai tién
dugc si dung dé dieu ché sol TiO, tU tién chét TiCly,
Ung dung lam chét phi cé tinh chét tu lam sach. Céc
dic trung tinh chdt cla mau dugc danh gid bang
phuong phap xac dinh kich thudc hat va kinh hién vi
dién tir truyén qua (TEM).
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Thuc nghiém va phuong phap nghién cdu
2.1. Nguyén liéu

Cac hoda chét TiCly, tinh khiét 99,6%; H,O,, tinh khiét
30%,; AgNQs, tinh khiét 99%; NHj, tinh khiét 25%, co
nguén géc tir Merck. Nudc cét hai lan dugc diéu ché tai
phong thi nghiém.

2.2. T6ng hgp sol TiO,

Tién chét TiCly dudc nhd tU tUr vao nudc cét, da dugc
lam lanh vé& nhiét d6 0°C, bang hén hop da — mudi,
trong diéu kién khudy déu. Sau dé, dung dich amoniac
NH3 1M dugc thém vao hén hgp, diéu chinh dén pH
mong mudn. Két tla thu dugc dudc gid hoa & 90°C
trong 3 gid. Sau do loc, rfa mau bang nudc cét hai lan
dé loai bd CI°, dén pH 7. Thém luong nudc phu hop
vao huyén phu dé cé ham lugng TiO> mong mudn roi
khudy déu trong 30 phut, trudc khi rung siéu am. Tiép
theo, dung dich dugc oxi hda bang luong H>0, phu
hop trong diéu kién khudy déu, trong 2 gic. Sau dé,
dun hoén hop & nhiét do va thdi gian phu hgp dé thu
dugc sol TiO,.

2.3. Béac trung tinh chét sol TiO;

Anh TEM dugc chup trén may Field Emission Scaning
Electron Microscope S-4800, Vién Vé sinh dich t& Trung
uong.

Kich thudc hat dugc xac dinh trén may Zeta sizer Nano
Instrument, Vién khoa hoc Cong nghé Vat liéu, Vién
Han lam Khoa hoc va Cong nghé Viét Nam.

2.4. Banh gia hoat tinh xdc tac

Sol nano TiO, dudc pht trén chit nén la thanh thdy
tinh cé kich thudc 100 mm x 20 mm x 2 mm, bang
phuong phap nhung phd. Bau tién, thanh thay tinh
dugc & ly bé mat bang cach rung siéu am trong nudc
cat, rlra sach bang axeton sau dé sdy kho & 60°C, trong
mét gio. Tiép theo, phu sol nano TiO, trén chét nén
bang cach nhing ti ti (khoang 1Tmmy/s) thanh thuy tinh
vao sol, dé khé tu nhién trong 12h.
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Hoat tinh xic tac dugc danh gia trén hé thiét bi gian
doan gdm céc chlta chét phan Ung cé treo thanh thuy
tinh phd xdc tac, véi guong phan xa dat phia dudi céc.
Phia dudi guong la méy khudy tu. Thanh thuy tinh dugc
treo sao cho con khudy tU khi hoat dong khong lam v
thanh thuy tinh. Theo d¢6, 50 ml dung dich xanh
metylen (MB) 10 mg/! dugc cho vao céc 100 ml, ¢o treo
thanh thuy tinh phd xdc tac TiO,. Hén hop dugc dé
trong bong t6i qua dém dé MB hdp phu bdo hoa lén
xUcC tac. Do ndng dé MB trudc khi bat dau phan Ung va
trong qua trinh phan Ung (thudng 1a méi 10 phat 18y
mau mét 1an). Phan Ung dugc thuc hién dudi anh séng
mat trdf, ngay néng, trong khoang ti 10h — 13h.

Nong d6 MB trong mau dudc xac dinh théng qua két
qua do dé hap thu quang trén may UV-Vis (JENWAY
6305), & budc séng 650 nm.

K&t quavathdo luan

3.1. Nghién cltu anh hudng ctia ham lugng TiO,

K&t qud nghién clu anh hudng cta ham luong TiO,
trong sol dén kich thudc va hinh théi hat dugc thé hién
trén hinh 3.1 va 3.2 (diéu kién téng hop: khudy & nhiét
dé thudng, gia hoa 3 gid & 90°C; oxi hda biang H,0»,
97°C, 30 gio).

Két qua vé kich thudc hat nano TiO, & cac ham lugng
TiO, khéc nhau cho théy khi ham lugng TiO, tang kich
thudc cla hat clng tang lén. Cu thé, kich thudc hat
tang tU 10 nm dén 24 nm khi ham lugng TiO, tang tu
0,6% dén 1%.

K&t qua dac trung hinh thai hoc clia mau sol TiO, bdng
anh TEM cho thdy trong mau sol ¢ ham lugng chat
ran 0,6%, cac hat TiO, hinh thanh chua nhiéu. Béi vdi
mau sol c6 ham lugng chét ran cao hon, cu thé 1a mau
0,7%, cac hat TiO, hinh "hat thoc” da dugc hinh thanh
rét nhiéu, phan bd kha dong déu trong dung dich, vdi
kich thudc khoang 12 nm. Khi ham lugng chét ran trong
sol 1a 0,8% xudt hién hién tugng co cum cla cac hat. Vi
thé, ham lugng TiO» 1a 0,7% dugc chon cho cac nghién
clu tiép theo.
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3.2.Nghién ctu anh hudng giatri pH cta viéc tao thanh gel Ti(OH)4t6i sdn phdm cudi ciing
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Hinh 3.7: Kich thudc hat clia cac méu sol dieu ché & cac ham lugng TiOs khac nhau

=

Print Mag: 80400x @ 51 mm

Print Mag: $0400x @ 51 am
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a-06% b-07% c-08% d-09%; e -10%

Hinh 3.2: Hinh thai c4u tric cla hat trong cac mau sol TiO,: a - 0,6%; b - 0,7%; ¢ - 0,8%

D& nghién clu anh hudng cla gid tri pH tdi viéc tao
thanh Ti(OH), cing nhu t&i sy bién dé&i TiO, sol
peroxo, gia tri Ti(OH); gel dugc nghién clu trong
khoang tir 3-10 bang cach diéu chinh luong dung dich
NH; cho vao. Nhiing gel nay sau do dugc oxi hoda
bang H,O, va gia nhiét hdi luu dé hinh thanh TiO> sol
can diéu ché.

Bdng 3.1: Anh hudng gia tri pH cta gel Ti(OH), téi san

phdm cudi cling

pH San phém cudi pH | San phdm cudi
cung cung
3 Khéng hinh thanh 7 Sol mau trong
gel 6n dinh
4 Gel mau vang 8 Sol mau trong
trong 6n dinh
5 Gel mau vang 9 Sol mau trong
trong én dinh
6 Gel mau vang 10 Sol mau trong
trong 6n dinh

Bang 3.1 cho thédy anh hudng cla pH tdi tinh chét vat
ly cla san phdm cudi cung. Nhin chung peroxo titan
axit (san phém trung gian khi thém H,02) c6 mau vang
dac trung, vi thé mau séc cla tét ca sol va gel dugc
diéu ché & cac gia tri pH khac nhau déu khang dinh su
c6d mat cla peroxo titan axit trong dung dich. Theo tai
liéu tham khao [42-43], diém dang dién cla TiO, 1a &
trong pham vi gia tri pH tUr 4,5 dén 6,8. Néu gia tri pH
Ién hon diém dang dién, bé mat clia TiO, s& tich dién
am, va néu gia tri pH nhd hon diém dang dién, bé mat
cla TiO, sé tich dién dudng. Tuy nhién, néu gia tri pH
xa diém dang dién, hat TiO, s& chiu mot luc dién nao
dé va khéng thé hinh thanh gel [43].

TU két qud thuc nghiém cho théy, khi gia tri pH nho
hon 4, su tao thanh gel bi han ché. Khi pH dugc diéu
chinh tif 4 d&n 7, hinh thanh dang Ti(OH,)"" nhung
khéng hinh thanh hat TiO, trong san phdm cudi cung.
Digu nay la do, 8 pH trung hoa, cac hat TiO, dugc 6n
dinh bang luc déy 1an nhau cla cac dién tich am & trén
bé mat cla cac hat TiO, va duy tri kich thudc hat cla
ching. Két qua thuc nghiém cho thay gié tri pH trong
dung dich Ti(OH)4 gel it nhét phai bang 8, dé duy tri
trang thai TiO, &n dinh trong sol. Tuy nhién, khi gia tri
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pH cla Ti(OH), gel qua cao, kich thudc hat cla TiO,
sol cla sén phdm cudi cling sé 16n do su két tu cac
hat. Kich thudc hat clia cac mau diéu ché trong
diéu kién pH khac nhau dugc chira tur hinh 3.3.

| | |

2) i

iy
!
o

Mumber (3

X 1 m - 0 100 10 u ! n &w‘m o 10
Hinh 3.3: Phan bd kich thudc hat ctia mau diéu ché &:
a-pH8 b-pHI

TU gian do két qua phan b kich thudc hat cia méu &
diéu kién diéu ché vdi gia tri pH 8 va 9, ta thay kich
thudc cla hat tang 1én 1o rét. Cu thé, khi diéu ché
trong diéu kién pH 8, kich thudc hat trung binh Ia 12
nm con trong diéu kién pH 9, kich thudc hat trung binh
khodng 17 nm. Do d¢, gié tri pH la 8 la thich hgp hon
ca.

3.3.Nghién cltu anh hudng cta nhiét d6 phan Gng
Anh hudng ctia nhiét dé qué trinh hinh thanh TiO, dén

kich thudc va hinh théi hat dugc thé hién trong hinh
3.4 va35.

(@

Hinh 3.4: Hinh TEM cla mau diéu ché & nhiét do a:
70°C; b: 90°C; ¢: 97°C (thdi gian 30 gid)
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Hinh 3.5: Phan bd kich thudc hat clia mau diéu ché &
97°C (thdi gian 30 gid)

K&t qua cho thdy & 70°C, cic hat con két ty lai vdi
nhau, chua hinh thanh rd hinh thai hat TiO»; & 90°C
van ton tai nhiéu cum hat véi kich thudc 16n; & 97°C,
thdy r& cac hat nano TiO, c6 hinh "hat théc”, phan tan
déu va co kich thudc khé dong déu.

K&t qua do phan bé kich thudc hat clia mau trong diéu
kién nhiét doé phan (ng 97°C cho théy kich thudc hat
trung binh khodng 12 nm. Nhu véy, nhiét dé phu hop
dé hinh thanh TiO,1a 97°C.

3.4.Nghién cGu dnh hudng cta thdgi gian phan Ung

Print Mag: 125000x @ 51 mm

Print Mag: 39800x § 51 mm

(b —30h)

B R RGO S Print Mag: 125000x @ 51 mm

(c — 36h)
Hinh 3.6: Anh TEM ctia cac mau sol nano TiO> diéu ché
& 97°C & cac thd gian phan Ung khéc nhau
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Theo Natarajan Sasirekha va cac cong su [42], cac méu
sol chi dudc hinh thanh sau it nhét 1a 12 gid phan Ung.
Cac khao sat sg bd cla ching toi cho thdy, khi thdi
gian phan Ung la dudi 20 gig, sol hinh thanh con cé
mau vang, chiing té peroxo titan axit chua chuyén hoa
hét thanh sol TiO, dang tinh thé. Vi véy, anh hudng
thai gian phan Ung dén kich thudc hat sol TiO, dé
dugc khao sét trong khodng tu 24 dén 36 gic.

Hinh 3.6 trinh bay anh TEM cua cac méau sol nano TiO;
diéu ché dugc khi thay d&i thai gian phan Ung (nhiét
dé phan (ng 97°C).

Qua anh TEM clia cac mau digu ché dugc khi thay déi
thdi gian phédn Ung, ta thdy khi thai gian la 24 gig, cac
hat tinh thé chua hinh thanh rd nét, trong khi vdi thai
gian phan Ung la 30 gid va 36 gid, cé thé nhin thdy cac
hat tinh thé hinh thanh dang “hat théc” va phan bé khé
déng déu trong dung dich. Vi véy, thai gian hdi luu 30
gi¢s la diéu kién thich hgp nhat cho qué trinh téng hgp
sol TiOs.

Qua viéc khao sat cac yéu té anh hudng dén qué trinh
téng hap sol TiO,, diéu kién téng hap thich hop duadc
lya chon la: ham lugng TiO, trong dung dich la 0,7%;
gia tri pH cla gel Ti(OH)4 thich hop la 8; nhiét do phan
Ung thich hop 1a 97°C va thdi gian phan Ung thich hop
1a 30 gid. Mau sol TiO, thu dugc khi tién hanh trong
cac diéu kién trén ¢ mau xanh trong, vdi cac hat TiOs
dang hat thdc, kich thudc trong khodng 12 nm (hinh
3.7).

01 1 10 100 1000 10000
Size (d.nm)

Hinh 3.8: Phan b6 kich thudc hat clia mau didu ché
330 gig

3.5. Hoat tinh 1&p pht sal TiO,

Hoat tinh quang hoé cla Idp phi sol TiO, trong phan
Ung quang oxy hod MB dudi anh sang mat trai dugc
trinh bay trong hinh 3.9.

K&t qua cho thdy, I6p pha TiO, cé kha ndng chuyén
hoéd dén 70% MB trong dung dich, trong vong 20 phut
va chuyén hoé gan nhu hoan toan MB (d6 chuyén hoé
99%) trong mot gio. Lap lai thi nghiém 5 lan & diéu
kién tuong tu, thu dugc két qua cé do l1ap lai cao. Diéu
nay cho thdy I8p phl ¢ hoat tinh quang oxy hoé dudi
anh sang mat trdi va bén hoat tinh. Hon nlfa, viéc tao

ra I8p phu xdc tac trén bé méat khé don gian, dac biét
la khong can phéi qua qué trinh xr ly nhiét cho I&p
phu da lam tang tinh kha thi trong Ung dung cla sol
TiO,.

—

o

(=
J

[=o]
o
1

(=)
o
1

S
o
1

o
o
1

P& chuyén hoa MB (%)

o

/V T T T 1
0 20 40 60 80
Théi gian phan wng (phut)

Hinh 3.9: Hoat tinh quang hoé cla I&p phu sol TiO;
trong phan Ung quang oxy hod MB
dudi anh sang mat trai

K&t luan

Pa t6ng hap thanh cong sol TiO, tU tién chat TiCly va
da xac dinh dugc diéu kién thich hgp: ham lugng TiO»
0,7%; pH 8; nhiét do 97°C; thdi gian 30 gid. Sol t6ng
hop ducgc c6 mau xanh trong, chla cac hat nano TiO;
dang “hat thoc”, kich thudc trong khodng 12 nm.

Céac két qua nghién clu dénh gid hoat tinh xUc tac cda
mau sol TiO, cho thdy xUc tac thé hién hoat tinh trong
phan Ung quang oxy hoa xanh metylen dudi &nh sang
mat trgi. K&t qua nay cho thdy, sol TiO, thu dugc cé
kha nang Ung dung hiéu qua lam I&p phd tu lam sach,
bang phuong phap phl don gidan ma khéng cén qua
qua trinh x ly nhiét.
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