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NGHIEN CUO’'U ANH HUONG CUA NHIET DO NUNG, TY LE MOL Ce-Ti-Si
DEN SU HINH THANH PHA OXIT HON HQP Ce0,-TiO,-SiO, BUQC
TONG HQP BANG PHUONG PHAP BOT CHAY GEL POLYVINYL ANCOL

Pio Ngoc Nhiém’, Lwu Minh Pai, Nguyép Pirc Van, Pham Ngoc Chirc, Poan Trung Diing,
Nguyen Thi Ha Chi

Vién Khoa hoc vat liéu, Vién Han ldm Khoa hoc va Cong nghé Viét Nam
Dén Toa soan 25-02-2014

Abstract

The nanosized CeO,-Ti0,-Si0, mixed oxide powder has been synthesized by the gel combustion method using
polyvinyl alcohol (PVA) as polymer basic and mixture of cerium (IV) nitrate, titanium (III) chloride and silane. Effects
of preparative parameters on the phase formation of CeO,-TiO,-SiO, such as Ce-Ti-Si molar ratio, calcination
temperature have been investigated and discussed. The results showed that, for the optimized procedure with pH =1,
temperature of gel formation of 80 °C, molar ratio of metal over polyvinyl alcohol of 1/3, molar ratio of Ce-Ti-Si of
1-1-8. The Ce0,-Ti0,-SiO, mixed oxides were obtained with the averge grain size of nanopowders up to 97 nm after

calcined at 850 °C for 2 hours.

Keywords: Ce0,-TiO,-SiO, mixed oxides, cerium(IV) nitrate, titanium (III) chloride, silane, polyvinyl alcohol,

combustion method.

1. MO PAU

Hién nay, sy pha hong ting ozon bao pht quanh
trai dat lam tang birc xa UV va tac hai ngay cang
tang ddi véi loai nguoi. Vi vay, viéc bao vé khoi birc
xa UV duogc su quan tdm cua cac nha khoa hoc trong
nhiéu linh vuc khac nhau. Trong thoi gian gan day
vét liéu nano c6 chira CeO, dé hép thu tia UV la mot
trong nhitng ddi tuong nghién ctru kha séi ndi cia
cac nha khoa hoc [1-3]. Theo cac két qua cong bd vé
viéc st dung Kkét hop oxit CeO, va oxit TiO, khong
nhiing chi tao ra vat li€u hép thu hoan toan tia UV
ma voi sy ¢6 mat cua oxit CeO, con lam giam thiéu
kha niang quang oxi héa ciia TiO, dbi v6i cic mang
nhya polyme [1-3].

Khi nghién ctru vé oxit hén hgp hé Ce-Ti kich
thudc nanomet [4-9] thiy ring ty 16 mol va nhiét do
nung 1a hai yéu t6 anh huong 16n téi cdu trac pha
tinh thé va tinh chét ctia vat li¢u.

Do véy, trong bai b4o nay chung t6i s€ tdp trung
nghién ciru anh huong cta nhiét 6 nung va ty 1€
mol Ce/Ti/Si t&i sy hinh thanh pha tinh thé cia
Ce0,-Ti0,-Si0, dugc tong hop bang phuong phap
dbt chay gel PVA nham dinh huéng tmg dung vat
liéu nay dé hap thu tia UV trong twong lai.

2. THUC NGHIEM
2.1.Ho4 chit va dung cu

Céc héa chét dau vao duoc st dung 1a dung dich
TiCl; (dung dich TiCls d& thao tac hon TiCl, trong
qua trinh thi nghiém. Hon nita, viéc tdng hop cac vt
liéu chira titan di tir TiCl; van chua dugc nghién ctru
0 Viét Nam), Ce(NO;)4, PVA, silan, NH,OH, dung
dich HC1, NaOH déu c6 dd sach phan tich.

Cbc chiu nhiét loai 50 ml, 100 ml, binh dinh
murc 100 ml, 500 ml, 1000 ml, pipet, may khuéy tr,
tu sdy, 10 nung.

2.2. Tong hop vit liéu

Cho PVA vao cbe 100 ml, thém nuée cét thich
hop va khudy lién tyc trén may khuay tir & 80 °C
cho dén khi tan hét PVA. Thém mét lugng dung
dich Ce(NO;)4; TiCl; va silan (ty 1¢ mol cua (Ce-Ti-
Si)/PVA 1a 1/3, ty 1& thanh phan mol CeO,-TiO,-
SiO, khac nhau, pH tao gel 1a 1). Dung dich duogc
khudy cho dén khi hé gel dong nhét dugc tao thanh
tai nhiét 6 80 °C trong 4 gio. Gel duoc sdy & 120 °C
trong 8 gio. Mau sau khi xur 1y nhiét & cac nhiét do
khac nhau duoc phan tich thanh phan, ciu trac pha
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trén may Siemens D 5000, hinh thai hoc cua mau
dugc thyc hién trén kinh hién vi dién tr quét (SEM)
S-JED-4800 va phan bd kich thudc hat trung binh
trén may Zetasizer 90.

2.3. Phwong phap nghién ciru

Céac gian d6 nhidu xa Ronghen dugc ghi trén
may Siemens D 5000 (CHLB buc), bic xa CukK,,.

Gian d6 phén tich nhiét vi sai TGA-DSC dugc
ghi trén may Labsys Evo-Setararm (Phap) toc do gia
nhiét 10°C/phat trong méi trueong khong khi.

Hinh thai hoc ctia mau duogc thyc hién trén kinh
hién vi dién tir quét (SEM) S-JED-4800 (Nhat Ban).

Gian dd phéan bd kich thudc hat trung binh dugc
do trén may Zetasizer 90 (Nhat Ban).

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia ty 1& mol Ce-Ti-Si dén sy
hinh thanh pha CeO,-TiO,-SiO,

Theo céc két qua nghién ctru [2, 5] thiy ring anh
hudng cua ty 18 mol Ce-Ti-Si dén sy hinh thanh pha
Ce0,-Ti0,-Si0, 1a rat 16n. Do vay trong phan nay
chung t6i tién hanh tong hop miu véi cac ty 1& thanh
phﬁn mol CeO,-Ti0O,-Si0, thay ddi theo tha tu lan
lugt tuwong ung 1a 2,5%-2,5%-95%; 5%-5%-90%;
7,5%-7,5%-85% va 10%-10%-80% (theo mol); nhiét
do tao gel 1a 80 °C; tao gel & pH = 1; nung & nhiét d6
550 °C trong 2 gid. Cac mau dugc dem phan tich
nhiéu xa tia X két qua thu duoc dua ra ¢ hinh 1.
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Hinh 1: Gian d6 nhiéu xa tia X ctia mau c6 ty 1& mol
Ce-Ti-Si khac nhau: (a) 2,5%-2,5%-95%;
(b) 5%-5%-90%; (c) 7,5%-7,5%-85% va
(d) 10%-10%-80%

Trén gian d6 nhidu xa tia X ta nhan thdy mau co
thinh phan CeO,-Ti0,-Si0, 13 2,5%-2,5%-95%
dugc nung & 500 °C trong 2 gid van chua xuat hién
pha két tinh tinh thé dic trung cia CeO,,TiO, va

Dao Ngoc Nhiém va cong su

Si0,. Khi thanh phﬁn Ce0,-Ti0,-Si0, tang tu 5%-
5%-90% dén 10%-10%-80% déu thu dugc pha két
tinh dic trung ctia CeO, nhung van chua xuit hién
pha két tinh cua SiO, va TiO,.

3.2. Anh huéng cia nhiét dd nung dén sy hinh
thanh pha CeOz-TiOz-SiOZ

Diéu kién ché tao miu nhu phin trén voi ty 18
thanh phan mol Ce-Ti-Si & 10%-10%-80%. Mau gel
dugc dem phén tich nhiét trén may Labsys Evo-
Setararm (Phéap) tbc do gia nhiét 10 °C/phut trong
mdi truong khong khi. Két qua phan tich duoc biéu
dién ¢ hinh 2.
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Hinh 2: Gian d6 phan tich nhiét vi sai TGA-
DSC cuia mau gel Ce-Ti-Si-PVA

Trén gian d6 phan tich nhiét trén duong TGA
hinh 2 cho thiy nhiét d6 < 200 °C ¢6 su giam khdi
lugng 5,24 % tuwong Ung véi sy thu nhi€t manh &
86,73 °C trén duong DSC. Su mat khdi ¢ nhiét do
<200 °C 1a qua trinh mat nudc ty do va nudc két
tinh trong mau gel. Trong khoang nhiét do tir 200 °C
dén 600 °C c6 su giam khoi lugng 4,07 % tuong tng
v6i pic toa nhiét yéu trén dudong DSC, su giam khdi
nay c6 thé gan cho sy dbt chay phan hity gdc nitrat,
gdc clorat, gbc hidro cacbon trong miu gel PVA va
ddng thoi xay ra su chuyén pha TiO, vo dinh hinh
thanh pha két tinh tinh thé TiO,. So véi truong hop
tong hop CeO,, TiO, bang phuong phap d6t chay gel
[10, 11]. Sy hinh thanh pha cua trong hén hop oxit
nay xay ra ¢ nhiét d¢ cao hon (= 200 °C). Khi nhiét
d6 > 600 °C trén duong TGA gan nhu khong thay co
su giam khéi lugng co6 thé gan cho sy tao thanh pha
oxit hon hop cua Ce0,-Ti0,-SiO, da dugc hinh
thanh. Con ¢ 781,37 °C trén dudng DSC ¢6 1 pic thu
nhiét manh c6 thé day 1a qué trinh chuyén pha SiO,
v6 dinh hinh thanh pha tinh thé két tinh SiO,.
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Dé lam rd anh huong cua nhiét do nung dén su
hinh thanh pha tinh thé ctua oxit hoén hop
Ce0,-TiO, -Si0,. Dya vao két qua phan tich nhiét vi
sai & phan trén lam co s¢ dé nung mau gel & 550 °C,
650°C, 750 °C va 850 °C trong 2 gid. Cac mau sau
nung dugc dem phén tich thanh phan pha trén may
Siemens D 5000. Két qua phan tich thanh phan pha
duoc ghi lai ¢ hinh 3.
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Hinh 3: Gian d6 nhiéu xa tia X ctia mau c6 ty 1& mol
Ce-Ti-Si 1a 10%-10%-80% nung & nhiét d¢ khac
nhau: (a) 550°C; (b) 650°C; (c) 750°C va (d) 850°C

Tir két qua phén tich nhiéu xa tia X hinh 3 nhan
thidy, mau nung ¢ nhiét do 550 °C pha ¢ dang vo
dinh hinh mot phan nhé pha két tinh cta pha CeO,.
Khi mau nung & nhiét d6 650 °C va 750 °C xuét hién
hai pha két tinh tinh thé dic trung ctia CeO, va TiO,.
Khi nung & nhiét d6 850 °C thu dugc pha CeO,,
TiO, dang anatat va pha SiO, dang cristobalit diéu
nay hoan toan phu hop vai két qua phan tich nhiét &
trén va tuong ty nhu két qua nghién ciru [4].

Do vay, dé thu duge oxit hdn hop Ce0,-TiO,-
Si0, can nung mau & 850 °C trong 2 gio.

Mau dugc téng hop ¢ diéu kién: ty 1¢ mol cua
(Ce-Ti-Si)/PVA 1a 1/3, ty 18 thanh phan mol CeO»-
Ti0,-Si0; 1a 10%-10%-80%, pH tao gel 1a 1, nhiét
do gel 80 °C, nung miu & nhiét 46 850 °C trong 2
gi0 dugc dem xac hinh thai hoc trén may S-JED-
4800 va xac dinh phan b kich thudc hat trung binh
trén may Zetasizer. Két qua phan tich dugc ghi lai &
hinh 4 va 5.

Qua hinh 4 nhan thdy, miu duoc tong hop bang
phuong phuwong phap dbt chay gel PVA véi pH tao
gel 1a 1, nhiét d6 tao gel 80 °C, ty 1€ mol kim
loai/PVA la 1/3, ty 1€ mol CeO,-TiO,-SiO, 1a 10%-
10%-80% nung ¢ 850 °C trong 2 gid c6 kich thudce
hat dong nhat < 50 nm (SEM) va c6 kich thudc hat

Nghién citu anh hwong cia nhiét dé nung,...

trung binh 12 97 nm (hinh 5). Trong d6 su phan b
kich thudc hat trung binh tap trung thanh hai ving:
vung 1 ¢6 kich thude 104,3 nm chiém 93,7 % va
vung 2 cé kich thudc 21,43 nm chiém 6,3 %. Su
khac biét kich thudc hat nano cua hdn hop oxit
Ce0,-Ti0,-Si0, phan tich trén 2 may S-JED-4800
va Zetasizer ¢ trén dugc giai thich 1a do cac hat nano
cuia hdn hop oxit dé két dam vé6i nhau.

‘.IMS-NKL x150k SE(M)
Hinh 4: Anh SEM ctia méu c6 ty 16 mol
Ce-Ti-Si 12 10%-10%-80% nung & nhiét do
850 °C trong 2 gio
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Hinh 5: Gian d6 phan b6 kich thudc hat trung
binh ctia mau c¢6 ty 1¢ mol Ce-Ti-Si la
10%-10%-80 % nung ¢ nhiét d6 850 °C
trong 2 gio

4. KET LUAN

Pa nghién clru anh hudng ctia nhiét d§ nung, ty
1€ mol Ce0,-Ti0,-SiO, dén sy hinh thanh pha cua
oxit hdn hop Ce0,-Ti0,-Si0, duoc tong hop bang
phwong phwong phap dét chay gel PVA.

Oxit hdn hop CeO,-Ti0,-Si0, dugc tong hop
bang phuong phap dot chay gel PVA ¢ diéu kién:
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pH tao gel 1a 1, nhiét do tao gel 80 °C, ty 1€ mol kim
loai/PVA 1a 1/3, ty 1€ mol Ce-Ti-Si = 1-1-8, nung &
850 °C trong 2 gid ¢ kich thude hat ddng nhat < 50
nm (SEM) va kich thudc hat trung binh la 97 nm.

Loi cam on: Cong trinh nay nam trong khuén kho
ctia dé tai Khoa hoc va Cong nghé cd,p Bo Giao duc
va Pao tao nam 2014-1015, md s6 B2014-04-12.
Cac tac gia xin trdan trong cam on B¢ Gido duc va
Dao tgo da tai tro kinh phi cho nghién cvuru nay.
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