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ABSTRACT

Titanium dioxide powder has been synthesised at low temperature (500°C) by the combustion
of gel prepared from polyvinyl alcohol (PVA) and titanium nitrates.Factors affecting on particle
sizes of TiO, such as the PH of solution, temperature of gel formation, mole ratio of concentration
of titanium and polyvinyl alcohol, temperature of calcinating have been investigated.The
nanoparticle TiO, anatase characterizations were examined by X-ray Diffraction (XRD),
Thermogravimetric and Differential Thermal Analysis (TG-DTA), Scanning Electron Microscopy
(SEM) and BET ( Brunaure-Emmet-Teller) measurements. Further thermal treatment at 500°C in
2h yields the single phase TiO, anatase with average primary size < 20 nm. It specific surface

area is 50 m?/g for TiO,.

I- MG PAU

TiO, 1a chét rdn,mau triang, khé néng chay
va bén nhiét. t°,. = 1870°C; TiO, c6 4 dang thu
hinh mot dang vo dinh hinh va ba dang tinh thé:
rutile, anatase va brookite.

TiO, dang siéu min c6 kich thudc nanomet
¢6 nhiéu tng dung trong nhiéu linh vuc nhu ché
tao pin mat troi, cam bién khi, tng dung quang
xtc tac lam sach nudc va khong khi, ché tao bot
nén cho cong nghiép hod mi phim, cong nghé
nhuém mau, cong nghé tu lam sach [1] . . .

Néi bat lén trong tit cic tng dung da dang
ctia vat liéu nanomet TiO, 1a ung dung xic tic
quang hod trong mot s6 qud trinh phan huy
quang hod cédc chat gay 6 nhiém, hitu co va
chuyén héa niang lugng mat troi do né c6 tinh
quang hod cao, xudt phat tir kha niang thay dai
hod tri cia né hay la kha nang tao cap electron -
16 trong. Day 1a tng dung cé ¥y nghia 16n nhat,
dac biét trong linh vuc xr Iy moi truong vi TiO,
it doc. Trong linh vuc nay, cic nghién ctu cho
thay néu TiO, dugc st dung & dang bot, kich

thuéc nanomet va tinh thé dang anatase thi s& c6
hoat tinh xdc tac cao nhat [2, 3].

C6 rat nhiéu phuong phép diéu ché TiO, c&
nanomet nhu phuong phép sol-gel, phuong phip
thuy nhiét, phuong phdp két tla déng thé,
phuong phdp thuy phan [4, 5]. . . . Trong bai bdo
nay trinh bay mot s8 két qua nghién ciu yéu t6
anh huéng t6i kich thuée hat TiO, kich
thudc nanomet dang anatase duoc diéu ché bing
phuong phdp tr dot chay gel cta Ti** va
polyvinyl ancol (PVA).

II - THUC NGHIEM

1. Hoa chat, dung cu

Ti(NO,),,NH,OH, Polyvinyl ancol (PVA),
HNO;, H,0, 30%, NaOH déu c6 do sach phan
tich

Cdc chiu nhiét 100 ml, 200 ml, 500 ml, binh
dinh mitc 25 ml, 100 ml, 250 ml, 500 ml, 1000
ml, pipet, may khudy ttr, con khudy tir, may do
hép thu quang, 16 nung, chén nung, tu say.
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2. Phuong phap nghién citu

Cho PVA vao coc 100 ml, thém nudc cat
thich hop va khudy lién tuc trén may khudy tu
cho dén khi tan hét PVA. Thém mot lugng dung
dich Ti(NO,),, (ti 1&¢ mol cua Ti(NO,), va PVA
l1a 1/3, pH t ao gel 1a 2). Dung dich duoc khudy
cho dén khi gel trong sudt duoc tao thanh. Gel
duogc sdy & 120°C. Sau khi xt Iy nhiétméau dugc
dua di phan tich nhiét, phan tich X-ray, xac dinh
cau trac, kich thuéc hat va hinh thai hoc
cuaTiO,.

Phan tich nhiét trong lugng va phan tich
nhiét vi sai dugc ti€n hanh trén mdy Shimadzu
TGA-50H va Shimadzu-50 (Nhat Ban).

Gian d6 nhiéu xa tia X dugc ghi trén may
Siemens D-5000 (CHLB bric), bic xa CuK,,.

Chup anh vi clu tric va hinh thdi hoc bang
kinh hién vi dién tir quét (SEM) JEOL-530
(Nhat Ban).

Dién tich bé mit dugc do bing phuong phdp
BET (Bruauer-Emmet-Teller) trén may SA-3100
ctia hiang Coulter (My).

II - KET QUA VA THAO LUAN

PVA 1a loai polyme c6 chita cdc nhém chiic
uu nude (hydrophilic) 1a cdc nhém hydroxyl, khi
bi chuyén héa sau trong su cé mat clia ion kim
loai s& hinh thanh cic nhém cacboxylat. Céc
nhom cacboxylat nay cé vai trd nhu mot tic
nhan tao phic vong (chelating agent), tao ra moi
lién két giita céc cation kim loai va nén polyme
khién chiing dugc phan tdn déng déu trong dung
dich va ngan can su két tu cac hat. Trong qua
trinh xu 1y nhiét cac ion NO;™ cung cap mot moi
truong oxy hdéa manh cho su phan huay
cacboxylat kim loai. V6i su boc chdy hoan toan
cta dung dich, qud trinh tu béc chdy lan truyén
xdy ra manh liét lam tiang cudng qud trinh chia
tach hat trong gel tién chét.

Nhim xéc dinh diéu kién t6i vu dén qua
trinh tdng hop TiO, kich thu6c nanomet dang
anatase diéu ch€ bang phuong phép tu dot chdy
gel. Da nghién ctu khao sit cic yéu t6 anh
hudng t6i kich thude hat nhu pH tao gel, nhiét
do tao gel, ty 1¢ giita kim loai va PVA, nhiét do
nung.
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Anh huéng cha nhiét do nung dén pha TiO,

Phan tich nhiét cho biét thong tin vé hiéu
ung nhiét, sy giam khoi lugng & cac viing nhiét
tuong tng tir d6 chon nhiét do nung mau thich
hop. Su giam khoi luong tir nhiét do phong dén
150°C (57,59%) trén duong TGA (hinh 2a) 1a sy
mat nudc, axit va mot phan ion NO; trong gel
tuong ting véi 2 pic thu nhiét trén gian d6 DTA
(hinh 2b). Su giam khéi lugng tir 150°C dén
318°C (30,19%) trén dudng TGA 1a sy phan huy
cdc chat hitu co trong gel va phan ion NO; con
lai Gng v6i pic phat nhiét rat manh & 334°C trén
gian d6 DTA. Sau 400°C thi khong c¢6 su bién
déi ndo vé khoi lugng diéu nay c6 thé gan cho
su hinh thanh TiO, tuong ting.

Pé lam rd thém kha nang hinh thanh pha
TiO, vao nhiét do nung. Mau gel Ti-PVA & trén
duoc nung & 400°C, 500°C va 600°C trong 2 gid,
dem xac dinh su hinh thanh pha bang phuong
phap phan tich nhiéu xa tia X. Két qua thay riang
méau nung & 400°C, 500°C tinh thé TiO, thu
duoc don pha dang anatase, khi nung miu &
600°C thi tinh thé TiO, thu dugc dang anatase
¢6 lan dang rutile. Két qua nay kha phu hop véi
cdc nghién ctu trudc day [4, 6]. Do vay dé diéu
ch& TiO, don pha & dang anatase cdn nung &
500°C.

2. Anh huéng cia nhiét do nung dén kich

thudc hat

Céc mau dugc diéu ché€ trong di€u kién
pH = 2, nhiét do tao gel 80°C, ti 1&é mol cua
Ti*/PVA = 1/3, dem di say, nghién so bo va
nung ¢ nhiét do 500°C, 600°C, 700°C va 800°C.
Chup X-ray dé khéo sit cdu tric va kich thuéc
hat cta TiO, theo cong thic Scherre [7]. Két qua
duoc duara & bang 1.

D= K.A/B.cos ®
Trong do:
D la kich thudc trung binh cua hat.
K 1a hang s6 Scherrer.
A 1a do dai budc séng cua tia X.
B 1a do rong vach nhiéu xa (radian).

6 1a géc nhiéu xa.
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Hinh I: Gian dé TGA (a) va DTA (b) ctia gel Ti**- PVA

Bdng 1: Anh hudng ctia nhiét do nung dén Qua két qua bang 2 thay rang TiO, c6 kich
kich thuéc hat ctia TiO, thudc hat nhd nhat khi duoc tao gel vé6i pH = 2.
—— 5 o} pH =1 kich thuéc hat (19,2 nm) TiO, 16n hon
Nhi¢t do nung, 'C | 500 | 600 | 700 | 800 | & pH =2 (17,5 nm) béi vi khi tao gel & pH = 1
Kich thuéc hat ciia mot phan PVA da bi axit du phan huy. & pH >
TiO,, nm 2 kich thuéc hat tang dan. Diéu nay, do mot
phin dung dich Ti** bi thuy phan, két tha dang
hidroxit, gay can tré cho qud trinh tao gel (bi
phan 16p trong qua trinh tao gel). Cic thi
nghiém tiép theo chon pH = 2 dé tao gel.

17,5119,3| 21,4 | 23,9

Khi tang nhiét do nung thi kich thudc hat
TiO, ciing tang theo va nh6 nhat khi mau nung &
500°C. Nhiét do nung 500°C da duoc chon dé
diéu ché TiO, anatase. 4. Anh huong cia ti 1é mol Ti** véi PVA dén

3. Anh huéng cta pH dén kich thuéc hat kich thuéc hat

Tién hanh thi nghiém trong diéu kién nhu
phan trén véi ti 1& mol Ti** va PVA thay déi ldn
luot 1a: 6/1, 3/1, 1/1, 1/3, 1/6. Cic mau dem
phan tich X -Ray dé xac dinh céu tric va kich
thudc hat. K&t qua dugc dua ra & bang 3.

Cic mau dugc téng hop trong diéu kién
nhu phéan trén va pH lan luot tir 1 dén 5. Mau
dem phan tich X-ray dé xdc dinh céu tric va
kich thudc hat. Két qua dugc dua ra & bang 2.

Bdng 2: Anh hudng ctia pH dén kich thudc hat Bdng 3: Anh hudng cta ti 1é mol dén
cta TiO, kich thudc hat cua TiO,
H 123475 Ty I¢ mol
p Ti/PVA 6/1 | 3/1 | 1/1| 1/3 | 1/6

Kich thuéc hat

) 19,2 (17,5 |18,3 |20,8 |25,7 Kich thuéc hat
cua TiO,, nm :

cua TiO,, nm 27,6 1 23,7 18,5 17,5 18,1
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Két qua bang 3 cho thay TiO, c6 kich thude
hat nho nhat khi dugc tao gel véi ty 1& Ti/PVA la
1/3. Khi ty 1&¢ mol titan ting dan thi kich thudc
hat ciling tang theo, lugng titan 16n gay su két tu
hat trong qud trinh nung. Khi néng d6 PVA 16n
gdy ra qua trinh tu boc chdy PVA lam tang nhiét
do dan dén cic hat TiO, két dinh véi nhau. Cic
thi nghiém tiép theo chon ty 1é nay dé tao gel.

5. Anh huéng cia nhiét do tao gel dén Kkich
thudc hat

Cac thi nghiém duoc tién hanh véi su tao gel
ctia Ti** v6i PVA theo ti 1¢ 1/3 mol va pH = 2.
Nhiét do tao gel: 30°C, 60°C, 80°C, 100°C, nung
mau & 500°C trong 2 gio. Cac mau dem phan
tich X-Ray dé xdc dinh cau tric va kich thuéc
hat. Két qua duoc dua ra & bang 4.

Qua s6 liéu bang 4 TiO, c6 kich thuée hat
bé nhat khi duoc tao gel & 80°C va kich thudc

hat thay doi khong nhiéu khi nhiét do tao gel
thay déi.

Bdng 4: Anh hudng clia nhiét do tao gel dén
kich thudc hat cua TiO,

Nhiét do tao gel, °C | 30 | 60 | 80 | 100
Kich thuéc hat cua 183179175 19.7
TiO,, nm

6. Xac dinh cau tric va hinh thai hoc cua
TiO, dang anatase

Mau duoc diéu ché€ & cac diéu kién t6i uu
nhu néu & phan trén. Pugc dem phan tich X-ray
dé khao st cau triic, kich thuéc hat bing kinh
hién vi dién tir quét (SEM) va dién tich bé mat
bang phuong phdp BET. Két qua duge trinh bay
trén hinh 2 va 3.

2-Theta — Scale
T

1200 .00

Cps

0.00

SIEMENS DS@@2@, X-Ray Lab., Hanoi 83-May-2887 13:16
T T T T T T T

T T
= »; 7= an as

T T
an as =0

Hinh 2: Phé nhiéu xa tia X cta TiO,

Két qua phan tich X-ray cho thdy mau thu
duoc 1a TiO, don pha & dang anatase c6 kich
thudc 17,5 nm (tinh theo cong thiic Scherre).

Xéc dinh cau tric, hinh thai bang anh SEM
TiO, c6 kich thuéc dong nhédt khoang 20 nm
(két qua kha phu hop véi cong thic Scherre).
Dién tich bé mit riéng ctia TiO, 1a 50m*/g duoc
xéc dinh bing phuong phéap BET.
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IV - KET LUAN

Pi khéo sdt mot s6 diéu kién t6i Gu dé tong
hop TiO, dang anatase don pha cé kich thudc
nanomet: pH = 2, ti 1&¢ mol Ti/PVA = 1/3, nhiét
do tao gel 80°C, nhiét do nung 500°C trong 2
gio.

bi x4c dinh hinh thai hoc cta TiO, dang
anatase c6 kich thuéc dong nhdt < 20 nm va
diént ich bé mat 1a 50 m*/g.
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Hinh 3: Anh chup SEM cta TiO,
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