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TOM TAT: Véi viéc dp dung qud trinh thuy phdn trong diéu kién microwave, bjt
TiO; vdi kich thudc nandmét da duoc diéu ché thanh céng tic nguyén liéu ban dau la tinh
qudng ilmenite Viét Nam. Bai bdo nay trinh bay dnh hudng ciia nhiét dj nung dén thanh
phdn pha va cdc tinh chdt bé mdt ciia TiO;, duge ddnh gid bdng cdc phuong phdp XRD,
BET, SEM va TEM. Két qud nghién citu cho thdy rdng khi nung sdn phdm thuy phén dudi
nhiét dg 700°C ¢ thé thu duge mbu TiO, don pha anatase c6 kich thudc hat nhé hon 20nm
Vi do tinh thé hod cao. Khi tdng nhiét dp nung, kich thudc hat TiO; tang 1én va qud trinh
chuyén pha anatase-rutile xdy ra khi nhi¢t dd nung cao hon 700°C.

1. GIOI THIEU

Trong thdi gian gan day, TiO; kich thudc nanémét dugc xem la mot vat liéu bdn din
c6 hoat tinh quang hod xic tdc cao va dugc quan tim nghi€n cifu ng dung trong cdng
nghé xi 1y cdc chat hitu cd doc hai trong méi trudng [1, 2]. Cdc nghién cidu vé qud trinh
quang ho4 cho thdy ring c6 mét sy lién hé giita hoat tinh quang héa v6i mét s6 thong s&
clia xic tdc nhu kich thudc hat, dién tich bé mat, ti 1& phase anatase/rutile, cudng dd dnh
sdng va chat tham gia phan Wng [3] . TiO, dugc sit dung lam xiic tdc quang hod thudng ton
tai 8 hai phase tinh thé chl y&u 1a anatase va rutile, trong d6 néi chung phase anatase dugc
xem la c6 hoat tinh cao hdn [4]. Phase rutile tinh khiét thudng khong c¢6 hoat tinh. Tuy
nhién ciing ¢6 mét s6 thong bdo riing phase rutile tinh khi€t ciing c6 hoat tinh quang hod
nhung lai phu thudc vao phuong phdp diéu ch& va ban chdt cia cdc nguyén liéu sit dung
[5] va bdn chat cla chat phdn tng [4]. Khi bdt TiO, dugc nung & nhiét dé cao hon, su
chuyén pha v6 dinh hinh — ananatse va anatase-rutile c6 thé x4y ra. Su chuyén pha vo dinh
hinh - anatase thudng hoan thanh 3§ khodng nhiét d 350-450°C [6]. Su chuyén pha anatase-
rutile thudng xdy ra & cdc nhiét dd khdc nhau trong khodng 600-1 100°C [7] phu thudc vao
cdc diéu kién diéu ché TiO,.

N6i chung, ddi véi miu TiO, diéu ché biing cdc phuong phdp hod hoc, d€ ting cudng
hoat tinh quang hod ngudi ta thudng nung mAiu & nhiét d6 cao dé 6n dinh thanh phin phase
va ting cudng do tinh thé hod cla TiO; [3]. Tuy nhién qud trinh nung thudng lam x&u di
cdc thdng sd lién quan dén @ng dung xiic tdc nhu dién tich bé mit riéng, kich thudc hat,...
Do viy, d6i vdi mdi phuong phdp diéu ch&€ TiO; cin thi€t phdi xdc dinh nhiét d6 nung thich
hop sao cho ¢é thé dung hoa dugc cdc dic trung thudn 1di cho ing dung lam vat liéu xic
tic. GAn diy, ching t6i dd di€u ch& thanh cdng TiO, kich thudc nandmét bing viéc dp
dung qud trinh thuy phin dung dich titanyl sulfate trong di€u kién microwave [8]. Bai bdo
nay trinh bay nghién cttu dnh hudng clia nhiét d6 nung d€n mot s tinh chd't bé mat va cau
tric ctia sin pham TiO,.
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2. THUC NGHIEM
2.1. Piéu ch& TiO,

Dung dich titanyl sulfate dugc diéu ché bing viéc phén huy tinh quing ilmenite véi
acid sulfuric ddm dic & nhiét d6 190-200°C. Sin pham ciia phdn ing phin huy dudc ngdm
chi€t bing nudc, khit tich sdt, loc va thu dugc dung dich titanyl sulfate ¢6 néng do Ti(IV)
bing 55gTiOy/L. Qud trinh thiy phin dugc thyc hién trong diéu kién dun héi luu & nhiét do
s0i trong thoi gian 2 gi¥ biang 16 microwave [8]. San phdm k&t tda ciia qua trinh thiy phin
dudc rita sach bang nudc cat roi duge siy trong khong khi & nhiét d6 110°C. Sau dé, dudc

chia thanh cdc miu khdc nhau dé nung d cdc nhiét do 450, 500, 550, 600, 650, 700, 750,
800, 850, va 900°C ciing mét thdi gian nung 2 gid.

2.2. Phén tich cdc dic trung cia TiO,

Ph6 XRD ciia cdc miu sén phdm TiO, thu dugc bing nhiu xa k& SIEMENS D5000
v6i ngudn bifc xa CuK,, (A = 0.15406 nm) va bd loc Ni. Ti 1& thanh phan pha rutile ciia miu
dudc tinh theo cudng do cdc vach nhi€u xa dic trung chinh cho cdc pha tuong ng theo
cdng thic:

%Rutile = 1/(1+0.8T4/Tg) (1)

trong d6 I 1a cudng d§ tich phén cla pic phdn xa (101) dic trung cho pha anatase va Iy 1a
cudng dd tich phan cia pic phdn xa (110) dic trung cho pha rutile [9]

Ti d6 rong vach phd clia pic dic trung chinh cho pha anatase (28 =25.3°), kich thudc
tinh thé cla pha anatase dugc tinh theo phuong trinh Scherrer [10]:

dxrp = KM(Bcosf) (2)

trong d6 A 12 budc séng ciia bifc xa tia X, K 1a hiing s& bing 0.89, #1a d6 rdng & % chiéu
cao cyc dai (full widths at maximum haft-height _ fwmh) clia vach phé dic trung cho pha
anatase & géc nhiéu xa 20=25.3% @ 1a géc nhi€u xa Bragg.

Kich thudc va hinh ddng hat so cAp dudc xdc dinh thdng qua cdc 4nh TEM do trén
kinh hién vi dién tlf truyén qua JEM 1010 (Nh4t) vin hanh & 80kV. Hinh th4i hoc cla cdc
hat thit cap dugc quan sdt bing cdc 4nh SEM thu dugc bing thi€t bi hién vi dién t& quét
JMS 5500 (Jeol) van hanh & 10kV véi dé phéng dai 15000 lan. Dién tich bé mit riéng dugc
do biing phuong phdp hip phu nitrogen & nhiét d6 77K diing thi€t bi ChemBET-3000.

3.KET QUA VA THAO LUAN

PhS XRD ciia cdc mAu sén ph&m TiO, nung & céc nhiét d6 khdc nhau dudc trinh bay
trén hinh 1 cho thdy riing cdc miu dugc nung dudi 700°C ¢6 thanh phin pha 100% anatase,
khéng c6 sur xud't hién cdc pha rutile hoic brookite. Mot lugng nhd pha rutile xuat hién khi
mau dugc nung & nhiét d6 750°C va lugng pha rutile ting dan khi nhiét d6 nung ting Ién.
Hon nira, do rong clia cdc vach phd dic trung gidm theo nhiét dd nung chitng t dé tinh thé
hod cta cdc pha tudng ng ting 1én khi ting nhiét d6 nung. K&t qua tinh todn ham lugng
pha theo cong thie (1) cho thdy mdu nung & nhiét d6 750°C bit diu xudt hién 4.41% pha
rutile vad ham lugng phase rutile dat d€n 94.3% 3 miu dudgc nung & nhiét dé 900°C.

Cdc két qud tinh todn kich thudc tinh thé pha anatase biing phuong trinh (2) dudc
trinh bay trong bdng 1. Kich thugc tinh thé ciia pha anatase ting trong khodng tir 8,98 dén
40,76 nm, tuong (ing v4i nhiét d6 nung ting tr 450 d&n 900°C. Sy thay ddi kich thudc tinh
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Hinh 1: Phd XRD ciia cic mau TiO, dugc nung & cdc nhiét d6 khdc nhau.

thé theo nhiét d6 nung dugc bi€u dién trong hinh 2. J céc nhiét dd nung tir 450 - 700°C,
kich thudc tinh thé ting déu din tuong Ung véi sy phét trién tinh thé. G nhiét d6 750°C,
kich thudc tinh thé pha anatase ting mdt cdch dot bi€n tuong ng v4i sy xudt hién 4.4%
pha rutile. Su phét trién nhdy vot cda kich thudc tinh thé anatase & khodng nhiét do nay c6
1& do qué trinh chuyén phase dd cung cdp nhiét va lam gia ting su ting trudng kich thudc
hat. Piéu nay ciing dd dudc xdc nhdn d6i véi trong trudng hgp TiO, diéu ché bing phuong
phdp sol-gel [11].
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Hinh 2: Svy thay ddi kich thudc tinh thé anatase va ham ludng pha rutile theo nhiét d6 nung
mé‘iu T102 '
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Bang I: Sy thay doi cdc thong sé diic trung clia cdc mau TiO; theo nhiét do nung

Nhiét d§ nung | Him lugng | dxgp (anatase) ™, | Sggr, deer ¥, | dren®,
méu TiO,, °C | pha rutile, % | nm m%g nm nm
450 0 8.98 46.36 33.70 15
500 0 10.79 54.79 28.52 -
550 0 12.42 70.54 22.15 20
600 0 15.00 48.75 32.05 -
650 0 18.40 34,23 45.65 -
700 0 19.50 29.92 52.22 25
750 441 28.25 - - -
800 38.40 33.89 - - -
850 81.55 38.06 - - -
900 94.30 40.76 - - -

“ Kich thudc tinh thé anatase tinh tir phé XRD;

) Kich thude hat trung binh tinh theo Sggr;

) Kich thudc hat trung binh do tit dnh TEM.

Bdng I va hinh 3 cho thdy ring dién tich bé mat riéng clia cic miu TiO; ciing thay
ddi theo nhiét d6 nung. Trong khi kich thudc tinh thé phat trién theo nhiét dd nung thi dién
tich bé mit riéng c6 sy khac biét, dién tich bé mit riéng ciia TiO, ting dan khi dugc nung
tir 450°C dén 550°C. Sy phat trién dién tich bé mit riéng clia TiO, trong viing nhiét dé nay
1a do qud trinh dehydrat hod da lam gidi phéng nudc lién k€t va din t6i lam ting dién tich
bé mit riéng clia TiO,. Khi nhiét d6 nung vugt qua 550°C, dién tich bé mit riéng cia céc
mau gidm di mdt cdch rd rét theo nhiét d6 nung, day 1a hau qud cia su ting kich thudc tinh
thé va su chuyén phase ciia TiO,.
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Hinh 3: Sy thay d6i kich thudc tinh thé va dién tich b& mit riéng cda TiO, theo
nhi€t dd nung
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Nhu di biét ring, do tdc dung cla Iuc Van der Waals, & trang thdi ty nhién cdc hat
oxide kim loai kich thudc nand thudng cé khuynh hudng k€t tu vdi nhau va tao thanh hat
thit cap vdi kich thude 16n hon nhiéu 1dn so véi hat sd cp, cdc tap hop két tu nay d& dang
dugc phan tén trong chat 18ng thich hgp [12]. Vi 1y do dé, trong nghién cifu didu ché vat
liéu nand cin phan biét hinh thdi hoc cla hat so cap va hat thit c&p. Trong nghién cfu nay,
phin bd kich thudc hat va hinh thdi bé mit cla cdc miu TiO, nung & cdc nhiét d6 khéc
nhau dudc trinh bay trén cdc dnh TEM va SEM (hinh 4 va 5).

Céc dnh TEM cho thiy cdc hat TiO, sd cdp ¢6 dang hinh ciu véi phin bd kich thudc
khd dong nhdt, sy phat trién cdc dudng nét hinh khéi theo nhiét d6 nung tuong Ung vdi sy
phdt tri€n do tinh thé. Tt cdc 4nh TEM, dudng kinh trung binh clia cdc hat so cap G cdc
nhiét d8 nung 450°C, 550°C va 700°C twong ing 1a 15, 20 va 25nm. Cic kich tHudc nay khé
phdl hgp véi kich thudc tinh thé tinh todn tif phd XRD (dxgp), diéu d6 chitng 6 ring cdc hat
TiO, s cdp ton tai & dang don phin tadn (monodispered). Tuy nhién, cling v6i sy phat trién
kich thudc cla cdc hat sd cip, viéc gia ting nhiét d6 nung cling 1am ting cudng mdi lién
k&t gita cdc hat va din dén sy phdt rién cdu tric chudi (hinh 4b) thanh ciu tric mang 1udi
(hinh 4c) cla cdc hat sd cdp. Diéu dé 1am hinh thanh cau tric x8p cla cdc hat thit cap,
dong thi ciing 12 nguyén nhan din dén sy suy gidm dién tich bé mat riéng cla TiO,.

@ ) ©

Hinh 4: Anh TEM ciia cdc miu TiO; nung 2 gid & nhiét do
450°C (a), 550°C (b), 700°C (c).

(@ (b) (©

Hinh 5: Anh SEM ciia cic miu TiO; nung 2 gid & nhiét do
450°C (a), 550°C (b), 700°C (c)

Cédc dnh SEM 4 hinh 5 cho thdy cdc hat thif cdp c¢6 hinh dang khdc nhau vé6i phin bd
kich thudc khong dong déu khi ting nhiét d6 nung, kich thudc cla cdc hat thi cip cd
micromet, kich thuc nay 16n hon nhiéu lan so v6i dudng kinh hat twong duong suy ra tir két
qud do dién tich bé mat riéng (dger). Do d6 c6 thé néi ring, cdc hat TiO, thi cip la tap
hop ¢6 cdu triic x6p gdm nhiéu 16p hat so cap kich thudc nandmét.
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4. KET LUAN

B&t TiO; kich thudec nandmét dd dugc diéu ché bing phudng phdp thuy phan dung
dich titanyl sulfate trong diéu kién microwave. Nhiét d6 nung 12 mot y&u t8 quan trong dé€
ki€m sodt qud trinh diéu ch& vat liéu xdc tdc quang hod TiO,. Khi nung sén phdm thuy
phin dudi nhiét do 700°C ¢6 thé thu dugc miu TiO, don pha anatase c6 kich thudc hat nhd
hon 20nm véi d tinh thé hod cao. Khi ting nhiét d6 nung cao hon 700°C, qu4 trinh chuyén
pha anatase-rutile xdy ra cling vdi sy phat trién nhdy vot ciia kich thudc tinh thé anatase.

Cong trinh nay dugc thitc hign vdi su hé trg mdt phdn kinh phi tit Chutong trinh Céng
nghé Moi truong ciia Vién Khoa hoc va Cong nghé Viét Nam.

PREPARARTION OF PHOTOCATALYST TiO, FROM ILMENITE ORE
PART II: INFLUENCES OF CALCINATION TEMPERATURE ON
PROPERTIES OF TITANIA

Nguyen Van Dzung ¥, Hoang Hai Phong ), Pham Thi Thuy Loan ®,
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@ University of Natural Sciences — Vietnam National University — Ho Chi Minh City
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ABSTRACT: Titanium dioxide powder, in pure anatase phase with an average gain
size of 20 nm, have been prepared by the microwave-assisted method. This paper
investigates the influences of calcination temperature on structural and surface properties of
titania. The products were characterized by powder X-ray diffraction (XRD), the Brunauer-
Emmett-Teller (BET) surface area measurement and the electron micrographs (SEM and
TEM). The dzpendence of phase content, specific surface area, particle size on calcination
temperature were also studied. The results of this study indicated that prepared samples are

highly crystalline and pure anatase phase with the onset temperature of rutilation
over 700°C.
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