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NGHIEN CUU VA CHE TAO VAT LIEU TiO, NANO

BANG PHUONG PHAP SIEU AM - THUY NHIET

Huynh Duy Nhan'’, Truong Van Chuong?, Lé Quang Tién Diing®
(1) Truong DPai hoc Thi Dau Mét; (2) Truong Pai hoc Khoa hoc - Pai hoc Hué

TOM TAT

Bai bdo trinh bay mot phuong phdp tong hop TiOs nano béng phuong phdp siéu am -
thiiy nhiét. Cdc méu sau khi ché tao duoe nung theo nhiet do 100°C, 500°C, 600°C, 700°C
va 800°C trong 15 phut. Cdu tricc va vi cdu tric ciia tinh thé TiOs nano da duoc xdc dinh
bang cdc ki thuat XRD, FE-SEM. Khd ndng quang xtc tdc ctia bot TiOs duge khdo sdt
bang phé UV-Vis qua khd ndng phan hily mét sé chdt nhu xanh methylene. Két qud méu

TiOs nung & nhiet do 700°C trong 15 phiit ¢6 c& hat khodng 25nm, ti 1é anatase/rutile la

79/21, cdu tric cdc hat xen ldn véi cdc 6ng va cé tinh quang xuc tac manh nhdt trong cdc

mau da duoc nghién ciu khi chiéu bang dnh sang den ti ngoai va Mdt troi.

Tw khéa: TiO,, siéu am — thily nhiét, cdu tric, vi cGu tric, quang xuc tdc

1. MO PAU

Trong nhiing ndm gan day, phan Ung
quang xdc tdc dang thu hat nhiéu su quan
tdm trong linh vuc nghién ctu co ban va
ting dung. Cac phan Gng quang xuc tac cia
cac chat ban dan nhu TiO,, ZnO, CdS va
Fe,03 ¢6 cdu tric nano duge st dung dé 1lam
sach moi truong bang cach oxi héa cac chat
hitu co du6i tac dung cia anh sang. Trong
s0 nhitng vat liéu nano d6 thi TiO, kich
thuéc nano da va dang thu hat rat nhiéu su
quan tAm nghién ctu do nhiing Gng dung
tuyét voi cia né trong cac linh vuc nhu
chuyén doi niang lugng mit troi, xit 1i nude
thai, lam sach méi trudong. Ngoai nhiing
ing dung trong cac linh vuc néi trén, TiO,
con dugc biét dén v6i nhiing dic tinh néi
bat 1a vat liéu rat bén, khong doc va ré
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tién. Hoat tinh quang xidc tac cta TiOs co
ciu trac nano phu thudc vio ciu tric pha,
hinh dang va kich thu6c vat liéu, dién tich
bé mit... TiO; vo dinh hinh c¢6 hoat tinh
quang xic tac khong dang ké va pha
anatase c6 hoat tinh manh hon pha rutile
[3]. Cé6 rat nhiéu phuong phap dé ché tao
TiO; nano nhu sol-gel [1,11], vi séng [6],
thay nhiét [7]. Tuy nhién phuong phap két
hgp siéu 4m - thiy nhiét 14 mot trong
nhitng phuong phap hién nay dugc cac nha
khoa hoc trong va ngoai nuéc quan tdm vi
noé cb thé ché tao TiO; 6 cdu tric 6ng nano
v6i duong kinh nhé, chiéu dai 16n, dién tich
bé mit cao. Mat khac ciing c6 thé ché tao
dang hat c6 kich thuéc hat nhé va dong
déu, dé diéu khién, tuy theo quy trinh ché
tao. Uu diém phuong phéap nay cé thé xuat
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phat tit nhitng hoa chat TiO, thuong mai ré
tién, mang nhiéu loi ich vé kinh t&.

Trong bai bao nay ching toi trinh
bay két qua nghién ciu ché tao TiO; c6
cdu trdc nano xudt phat ti bot TiO,
thuong mai bing phuong phap két hop
siéu am - thay nhiét. C4c thiét bi déu do
Bo moén Vat 1i chdt rdn Truong Dai hoc
Khoa hoc — Pai hoc Hué tu ché tao. Pay
14 phuong phdp don gian va dé lap lai.

2. THUC NGHIEM

2.1.Vat liéu

Bot TiO, thuong mai (Merk, 99%) dugc
dung 1am ngudn TiO, ban dau. NaOH (99%)
dugc dung lam dung moi trong qua trinh
thiy nhiét. HC1 (98%) dung dé loc rtia san
phadm sau khi thiy nhiét. Nu6c chung cat,
gidy quy kiém tra do0 pH, gidy loc va dung
dich xanh methylene.

2.2 Phuong phap ché tao

2.2.1. Xay dung hé xu li vt liéu
bang siéu am

Dé thuc hién qua trinh téng theo
phuong phép siéu Am — thiy nhiét, van dé
quan trong nhat 14 ché tao dugc thiét bi
siéu &m phu hgp. Trén co s6 cac vat ligu
4ap dién dugc ché€ tao tai Bo mon Vat li
chat rdn — Trudng DPai hoc Khoa hoc — Dai

hoc Hué. Ching toi da thiét k& dugc mot
thiét bi téng hop vé6i bd phan chinh gom 1
bién ti kép kiéu Langie-vin kép hoat dong
¢ tan so 35 kHz dugc gan truc ti€p vao coc
thay tinh (hinh I). Cong suat siéu am (xac
dinh bang phuong phap do nhiét lugng)
cua thiét bi cd 60W [7,8].
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Bi&n td siéu 4m

Hinh 1: Thiét bi téng hop TiOs theo
phuong phdp siéu dm
2.2.2. Ché tao méu
Can 4 gam bot TiO, thuong mai cha
yéu dang anatase cho vao coc thdy tinh
chia 100ml dung dich NaOH 10M. Dung
dich nay dugc tiép tuc phan tan bang siéu
am (35 kHz, 60 W) trong thoi gian 30
phiat. Dung dich sau khi siéu &m dugce dua
vao binh Teflon dé thay nhiét ¢ 200°C
dong thoi két hop khudy ti trong 5 gid.

Thidy nhiét 200°C - 5gie +

4 g TiO; + 100ml dd Sigu dm 30 phit
NaOH 10M >

Cho dd vao binh

Whudy tr

Séan pham
TiQ; nand

- 15 phut

Mung 100, 500, 600, FOO va 800°C

Teflon 1

Rira san pham
trong dd HCI 0,1M

Séy nhiét & B0°C — |
12 gior

F 3

Hinh 2: Qui trinh ché tao TiO, nano bdang phuong phdp siéu dm - thiy nhiét
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Sidn phdm thu dugc sau qua trinh
thiy nhiét cho vao céc va ria nhiéu lan
bang nudc cat va dung dich HCI 0,1M cho
dén khi moi trudng gan nhu trung tinh
(hinh 2). Sdn phdm cudi cung dugc siy
kho rdi xit i nhiét.

Bot sau khi sdy dugc nung & cac nhiét
do 100°C, 500°C, 600°C, 700°C, 800°C
trong thoi gian 15 phiat véi toéc do gia
nhiét 1a 5°C/phut dé nghién cdu &nh
hudng cia nhiét do nung lén su tao thanh

cau truc, vi cdu tric cia bot TiO, nano.

2.2.3. Phuong phap do

Cau tric, vi cdu tric va thanh phan
pha ctia bot TiO; nano duge do biang may
nhiéu xa tia X (XRD —Siemen D-5005) véi
tia bic xa la Cu-Ka (A = 1,54056 A) va
buée quét 1a 0,03°. P& xédc dinh hinh dang
va kich thuéc hat, do bing kinh hién vi
dién ti quét phan giai cao (FESEM -
Hitachi S 4800).

Kha niang phan hiy chit mau

xanh methylene cia bot TiOy nano dugc
UV-Vis (2450

Shimadzu spectrophotometer).

kiém ching qua phd

3. KET QUA VA THAO LUAN
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Hinh 3: Anh nhidu xa tia X ctia bot TiO,
duoc nung tai cac nhiet do 100°C, 500°C,
600°C, 700°C, 800°C trong thoi gian 15 phut.

Tu hinh 3, ching ta thdy cac dinh tai
vi tri 20 = 25,28°%; 37,78°% 48,05°, 53,84°
va 55,01° tng v6i TiO, c6 cdu tric tinh
thé dang anatase. Vi tri dinh 20
27,41°% 36,05° va 54,32° ¢ing véi tinh thé
dang rutile. Nhu vay tinh thé rutile xuat

rd

hién ¢ cac nhiét do6 nung va khong c6 vi
tri dinh Gng v6éi cdc chit khac nhu
Na,TiO3. Ti s6 gitta cudong do nhiéu xa
gitta mit mang [101] cla tinh thé anatase
(Gng v6i goc 20 = 25,28°) va mat mang
[110] cta tinh thé rutile (ing véi goc 20 =
27,41°) dugc dung dé xac dinh ti 1é gida
anatase va rutile theo phuong trinh:
anatase
rutile

ok

I 110

Dua vao phuong trinh nay ching t6i da tinh dugc ti 1& tinh thé gitta anatase/rutile

cua bot TiO, nano:

Bang 1: Ti lé anatase/rutile cia bot TiO; sau khi xii li nhiét

Mau Nhiét dé va th&i gian nung Ti 1é anatase/rutile
M100°C 100°C — 15 phat 72128
M500°C 500°C - 15 phut 74126
M600°C 600°C — 15 pht 78122
M700°C 700°C — 15 pht 79/21
M800°C 800°C — 15 phat 84/16

T bang 1 ta thdy khi nhiét do nung ting dan lén, cdu tric TiO, tir dang rutile da

chuyén dan sang anatase.
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Vi cdu trdc cta bot TiO, nano duge
xdc dinh bing kinh hién vi dién ti quét
phén gidi cao (FESEM - Hitachi S-4800).

IMS x150k SE(M) 300nm
Hinh 4d: Anh FESEM ciia méu TiOs nung
6 700°C — 15 phiit

IMS x150k SE(M)
Hinh 4a: Anh FESEM ciia méu TiOs nung
¢ 100°C - 15 phut

IMS x150k SE(M)

Hinh 4e: Anh FESEM ciia méu TiOs nung
& 800°C - 15 phuit
Tu anh FESEM cta cdc mau TiO,

= L nung & cdc nhiét do 100, 500, 600, 700 va
Hinh 4b: Anh FESEM ciia méu TiO nung 800°C trong 15 phut. Ching ta thdy bot
6 500°C — 15 phiit TiO, khi nung & 100°C trong 15 phat gdm

cdc tAm bAt dau cudn lai (hinh 4a). Khi
nhiét do ting cdc tAm dan cudn lai thanh
dang 6ng c6 thé thidy 6 anh FESEM cta
mAu nung véi nhiét do 500°C trong 15
phat (hinh 4b). Khi nhiét d6 nung tiang
dén 600°C trong 15 phut, ta c6 thé thdy
hiu nhu tdt cid cic tdm da cudén thanh
ong, duong kinh 6ng trung binh khodng
25 nm (hinh 4c). G nhiét do nung 700°C
e — R R v trong 15 phit bén canh cidc 6ng bit dau

) xuat hién cdac hat c6 kich thuéc khoang

Hinh 4c: Anh FESEM ctiia méau TiO; nung 25nm (hinh 4d). Tai nhiét do nung 800°C
6 600°C - 15 phiit trong 15 phit hau nhu toan bd cau tric
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ong bi pha v& va chuyén thanh dang hat,
kich thuéc hat tidng dan lén va cé kich
thudc trung binh 30nm (hinh 4e) .

Ching ta thay mau TiO; nung & nhigt
do 700°C trong 15 phat c6 ti 1& thanh phan
anatase/rutile 14 79/21 xap xi v6i mau TiO, -
P25 thuong mai (ti 18 80/20) va c6 ciu tric
gom cac hat xen 14n véi cac ong.

Hinh 5a va 5b 1a phd UV-Vis clia mau
MO (mau TiO, pha xanh methylene chua
chiéu sang) va cac mau M500, M600, M700,
M800 (mau nung & nhiét do 500, 600, 700
va 800°C trong 15 phat duge pha vao xanh
methylene theo ti 1@ nhu nhau) sau khi
dugc chiéu sang bing anh sang ti ngoai
trong thoi gian 60 phat va 120 phuat.

!
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Hinh 5a: Phé UV-Vis ciia cdc mdu MO,
M500, M600, M700 va M80O khi chiéu dnh
sdang ti ngoai 60 phut
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Hinh 5b: Phé UV-Vis cia cdc mdu MO,
M500, M600, M700 va M80O khi chiéu dnh
sdng ti ngoai 120 phut
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Sau khi chiéu sdng bang deén ti ngoai
(220 V — 15 W) trong thoi gian 2 gio. Tat
cd cac mau TiO, dugc téng hop tai cac
nhiét d6 4 khac nhau déu cé kha ning
chuyén hod xanh methylene thanh céc
hop chat khéc. Cac dinh phé dic trung
cia ching gan nhu khong tén tai. Quan
sat phé UV-Vis clia cdc mau ta nhan thay
mau M700 cudng do cac dinh mat han va
gidm nhanh nh4t theo thoi gian so véi
cac mau M500, M600, M800. Nhu vay ta
c6 thé két luan khi chiéu anh sang ti
ngoai, mau TiO, 4 v6i nhiét do 700°C c6

tinh quang xtc tac tot nhat.

Lap lai qua trinh trén véi 4nh sang
chiéu 12 4nh sang Mit Troi. Cdc nhém
mau M500, M600, M700, M800 cung ldc
dugc chiéu sang bang anh sang Mat troi
trong thoi gian 10 phat va 20 phat duge
loc 1ay r6i phan tich phé UV-Vis.

Hinh 6a va 6b 1a phé UV-Vis ctia céc
mau TiO, nung & cdc nhiét do 500°C,
600°C, 700°C va 800°C trong 15 phut khi
phan huy xanh methylene bang cich
chiéu sang bing anh sang Mt troi trong
thoi gian 10 phat va 20 phat. Cuong doé
cdc dinh déu gidm di rat nhiéu so véi
mau MO (mAu chua chi€u anh sang).
Trong bon mau trén, cudng dd cdc dinh
cia mau 700°C thap nhat khi chiéu siang
10 phiat va gAn nhu mat hin khi chiéu
sang 20 phat. Mau M700 gidm nhanh
nhit theo thoi gian nhu két qui trong
truong hop chi€u 4nh sang ti ngoai.

Tt két qua tinh todn ti 1&é anatase va
rutile trong bang 1, ta thdy khi nhiét do
nung tadng lén, TiO; tu dang rutile da

chuyén dan sang anatase.
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Hinh 6a: Phé UV-Vis ctia cdc mdu MO,
M500,M600, M700 va M800 khi chiéu bdng
anh sdne Mdt troi 10 nhiit

040
035
030
025
020
MEOO

015 |

D hap thy

M300

0.0
Me00
0.05 -
M700
0.00 |

-0.05

T T T T T T T
200 300 400 500 600 700 800

Bude séng (nm)

Hinh 6b: Phé UV-Vis cta cdc médu MO,
M500, M600, M700 va M800 khi chiéu bdang
danh sang Mdt troi 20 phut

Maic du anatase c¢6 tinh quang xuc tac
manh hon rutile, tuy nhién qua khéao sat
ching ta thdy rang trong hé quang xic
tdc nay véi ti 1&é anatase 79% va rutile
21% (xap xi v6i san phdm P25 80 %
anatase va 20% rutile) ¢6 tinh quang xuc
tac tot nhat.

Nhu vay miu nung & nhiét do 700°C
trong 15 phuat c¢6 tinh quang xdc tdc tot
nhit trong bon maiu khi chi€u 4nh sdng
Mit troi ciing nhu chi€u anh sdng tu
ngoai. Piéu nay cé thé do cau tric va vi
cdu trac cta vat liéu quyét dinh, da tao ra
vat lieu c6 nang lugng bé mit 16n, lam
ting kha ning hinh thanh cac géc oxi
héa Os-, OH tit O,, HyO khi dugc chiéu
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sang va dé dang phan hiy nhanh xanh

methylene.
4. KET LUAN
Bing phuong phédp siéu 4m — thdy

nhiét, chiung t6i da ché tao thanh cong
TiO; nano dang 6ng va hat. Phuong phép
nay vat liéu xudt phat 1a TiO, thuong mai
c6 gia thanh ré, dé ché& tao va c6 tinh lap

lai cao.

Khi TiO; nano nung & nhiét do tu
100°C — 600°C trong 15 phut, cdu tric c6
dang 6ng nhung khi nung ¢ nhiét do cao
hon thi dang 6ng bat dau diat gay thanh
dang hat. Khi nhiét d6 nung ting thi ciu
tric anatase tang va rutile gidm. Trong
d6 mAu nung & nhiét do 700°C trong 15
phiat c¢6 kich thuée hat nhd nhat 1a
khodng 25nm xen k& véi o6ng va ti lé
anatase/rutile 1a 79/21.

Hoat tinh quang xdc tdc cta TiO,
nano dugc khdo sat khi cho phan hay
xanh methylene bang cach chi€u &anh
sang dén tli ngoai va 4nh sdng mét troi
cho th4y, cdc miu c6 nhiét d0 nung tir
500°C dén 800°C déu thé hién tinh quang
xtc tdc tot. Tuy nhién miu cé nhiét do
nung 700°C trong 15 phut c6 hoat tinh
quang xic tdc tot nhat, khi chiéu den ti
ngoai (220 V — 15 W) trong thoi gian 120
phat va anh sang mét trong thoi gian 20
phat thi xanh methylene bi phan hay
hoan toan. Pay la quy trinh cong nghé
chiing to6i can lya chon khi ché& tao TiO,
pha tap sat.
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INVESTEGATION AND FABRICATION OF NANOSIZED TiO; MATERIAL BY
THE ULTRASONIC - HYDROTHERMAL METHOD

(2)

Huynh Duy Nhan'”, Truong Van Chuong?, Le Quang Tien Dung®

(1) Thu Dau Mot University; (2) College of Sciences, Hue University
ABSTRACT

This paper presents a method to synthesize the TiOs; nanosize by the ultrasonic -
hydrothermal method. The samples after preparation were calcined by temperatures
100°C, 500°C, 600°C, 700°C, and 800°C for 15 minutes. The structure and microstructure
of nanosize crystalline TiOs were determined by using XRD, FESEM techniques and
photocatalyst ability of TiOs; powders were considered by UV-Vis spectra to pass
disintegrative ability of chemicals as blue methylene. The results of TiO> sample calcined
at 700,C for 15 minutes have sized particles about 25nm, the ratio of anatase/rutile was
79/21, the structure of particles intermixed in tubes and the best strong photocatalytic for
all samples have been investegated whereas they have been illuminated by UV lamp and
light of the sun.

Keywords: TiO,, ultrasonic — hydrothermal, structure, microstructure, photocatalytic
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