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NGHIEN CUU PIEU CHE VAT LIRU XUC TAC QUANG HOA Ti0, TU
SA KHOANG ILMENITE.
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TOM TAT: Véi viéc dp dung ky thudt cdp nhigt bing bitic xa microwave, bt TiO, vdi
kich thuéc nhé hon 16nm da dugc diéu ché tit nguyén liéu ddu la tinh qudng ilmenite Viét
Nam. Bai bdo nay trinh bay dnh hudng ciia nong dé Ti(IV) trong dung dich thuy phdn dén
cdc tinh chdt bé mdt ciia TiO,, dugc ddnh gid béng cdc phuong phdp XRD, BET. Két qua
nghién citu cho thdy rdang nong dé Ti(IV) trong dung dich thuy phén la mdt yéu t6 quan
trong dé kiém sodt qud trinh diéu ché vt liéu xic tdc quang hod TiO; kich thudc nandmét.

1. GIOI THIEU

Trong thdi gian gan diy, TiO; kich thudc nanémét dudc xem 13 mét vat liéu bdn din
cd hoat tinh quang hod xic tdc cao va dudc quan tdm nghién cifu ¥ng dung trong cdng
nghé x{ 1y cdc chit hitu co ddc hai trong mdi trudng [1,2]. M6t trong nhitng yé&u t6 quan
trong dé ting cudng hoat tinh quang hod 14 ting dién tich b& mit riéng va lam gidm kich
thudc hat so cdp clia xic tdc. Cho dén nay, c6 nhiéu phuong phdp c6 kh3 ning diéu ché
TiO, véi kich thuéc nandmét da dugc cong bd nhu: phucng phdp sol-gel, phuong phap ling
dong tir pha khi, phudng phap oxy hod,... st dung nguyén liéu ban diu 14 cic hod chdt cong
nghiép nhu TiCly hodc cdc alkoxides titanium [1,2]. Tuy nhién, do TiCl4 hodc cdc alkoxides
dé bi thiy phin trong khong khi m nén van dé€ bdo quan khé khin, bén canh d6 gid thanh
cao clia alkoxides da 1am han ché& khd ning thudng mai ching. Vi vy, cdc nhém nghién
citu dang quan tdm dé€n cdc phuong phdp diéu ché TiO, ti cdc mudi sulfate cia titan. Yu
Wei va cdc cong tdc vién dd diéu ch€ TiO, véi kich thude trung binh khodng 80nm bing
phudng phdp thuy phin cudng bic dung dich Ti(SOs4); [3]. Nhém nghién cifu cia Y.V.
Kolen’ko da di€u ché& TiO, vdi kich thudc khodng 20-50nm bing phudng phép xi 1y nhiét
cdc dung dich TiOSO4, H;TiO(C;04); va TIONO3), [4].

Gan day, 4p dung qué trinh thuy phén trong di€u kién microwave, ching t6i da diéu
ch& TiO; kich thudc nandmét tryc ti€p tir ilmenite thay vi t¥ cdc dung dich hod chit tinh
khi€t [5]. Bai bdo nay trinh bay nghién cifu 4nh hudng cia néng dé Ti(IV) trong dung dich
thuy phan d€n mét s6 tinh chat bé mat cda sdn phdm TiO, .

2. THUC NGHIEM
2.1. Piéu ché& TiO,

Dung dich titanyl sulfate dugc diéu ch€ bing phan huy tinh quing ilmenite vdi acid
sulfuric ddm dac & nhiét d6 190-200°C. Sdn phdm ciia phan @ng phian huy dugc ngadm chiét
bang nudc, khit tdch sdt, loc va thu duge dung dich titanyl sulfate. Diing nudc cat d€ pha
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loing dung dich titanyl sulfate sao cho ndng d8 Ti(IV) trong dung dich trudc thuj phén lan
lugt 1a 15, 35, 55, 70, 90 va 105gTiO,/1. Céc qud trinh thily phdn dugc thuc hién trong diéu
kién dun hdi luu & nhiét do s6i trong thdi gian 2 gid bing 10 microwave [6]. Sdn pham k&t
tGa ciia cdc qud trinh thiy phin dugc rita sach biing nudc cat, sau d6 dugc sdy khd va nung
& nhiét d6 600°C trong thdi gian 2 gid. Cac miu sdn phdm TiO, tuong ng véi ndng do
Ti(IV) trong cdc dung dich thuy phén bing 15, 35, 55, 70, 90 va 105gT102/1 dudc ki hiéu 1a
Ti-15, Ti-35, Ti-55, Ti-90 va Ti-105.

2.2. Phan tich cdc dic trung cla TiO,

Phd XRD clia cdc miu san phim TiO, thu dugc bing nhiéu xa k& SIEMENS D5000
véi ngudn bite xa CuK, (A = 0.15406 nm) va bd loc Ni. Tir 6 rong vach phé cia pic dic
trung chinh cho pha anatase (26 =25.3%, kich thudc tinh thé cla pha anatase dudc tinh todn
theo phuong trinh Scherrer [7]:

dxrp = KM/(BcosO) (D
trong d6 A 13 budc séng clia bifc xa tia X, K 12 hiing s6 biing 0.89, #1a d6 rong & % chicu
cao cuc dai (full widths at maximum haft-height _ fwmh) cda vach phd dic trung cho pha
anatase @ géc nhiéu xa 26= 25.3%, 6 1a géc nhiéu xa Bragg. '

Dién tich bé mit riéng duge do bing phuong phdp hdp phu nitrogen & nhiét do 77K
ding thi€t bi CHEMBET 3000. '

3. KET QUA VA THAO LUAN

Phd XRD ciia cic miu nghién cifu dugc trinh bay trong hinh 1. Cdc miu déu c6 cau
tric don pha anatase, khong c6 su xuat hién cdc pha rutile hodc brookite. Tuy nhién, khi
xét d€n dod tinh thé hod qua dd rong cdc vach phd dic trung ta thiy c6 su khdc biét, cic
mau Ti-70, Ti-90, Ti-105 ¢6 fwmh clia cdc vach phé dic trung nhé hon so véi cde miu Ti-
15, Ti-35, Ti-55. Bén canh do, sy phén tich 15 rang cic vach nhiéu xa (103), (004) va (112)
ching 3 & cdc miu Ti-70, Ti-90, Ti-105 cd sy phat trién muc d6 tinh thé hod (crystallinity)
cao han.

Tit cdc s§ liéu cita phd XRD, kich thudc tinh thé dxrp cla cdc méiu TiO; tinh theo
phuong trinh (1) dugc trinh bay trén bng L. Céc s6 ligu vé& dién tich bé mat riéng Sper Xdc
dinh biing phuong phép BET ciing dugc trinh bay trén bing nay.
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Hinh 1: Phd XRD ciia cdc mau TiO, diéu ché tir cic dung dich c6 ndng dd Ti(IV) ban
dau khdc nhau.
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Vi gid sif ring, cdc hat TiO, ¢6 dang hinh ciu khong x6p véi thé tich v, kich thudc
hat thif cap cia cdc hat TiO, ¢6 thé dugc tinh tir dién tich bé mat riéng Sggr bing cdc V4i
gid st rang, cdc hat TiO, ¢6 dang hinh ciu khong x5p véi thé tich v, kich thudc hat thit cap
cla cdc hat TiO; ¢6 thé dudc tinh tir dién tich bé mat riéng Sger bling céc phuong trinh sau:

M = Npv (2
S =Ns (3)
Seer = S/M = s/pv 4)
dper = 6/pSpet (5)

trong d6, M 12 khéi lugng clia N hat TiO,, v va s tudng ing 1a thé tich va dién tich bé mat
trung binh cia mgt hat TiO,. Pudng kinh trung binh cia cic hat thit cap (dggr) tinh theo
cong thic (5) v6i p = 3.84 g/cm’ 1a i trong ciia TiO, c6 c&u tric anatase,

Béng I: Kich thudc tinh thé va dién tich bé mit riéng cda cic miu TiO,

Ki hiéu mau | Kich thudc tinh | Dién tich b& mit | Kich thuge hat
TiO, thé dxrp, NM riéng SgeT, mzlg thi Cﬁ‘p dggT, M
Ti-15 11.29 45.13 34.62
Ti-35 14.34 48.32 32.27
Ti-35 15.00 48.75 32.05
Ti-70 15.31 48.50 32.22
Ti-90 15.80 48.25 32.38

Ti-105 15.88 32.91 47.48

Mot céch tdng qudt, viée thay d8i ndng d6 Ti(IV) trong dung dich thuy phin da lam
dnh hudng d&n kich thudc tinh thé pha anatase va dién tich bé mat riéng cla sin phim
TiO,. M&i tuong quan nay dugc biéu didn trén hinh 2.

18 = 55

m
>
wh
[ =]
,m g

-
L9 ]
éng

=
-9
S
€ maitri

A

—— dxrp

._
i

Kich thudc tinh thé,

Dién tich b

—— S

w
o

{11 S LS "
10 20 30 40 50 60 70 80 90 100 110

Néng do Ti(IV) rong dung dich thuy phin, gTiO,/1

Hinh 2: Su thay déi kich thu6c tinh thé va dién tich bé mit riéng cia TiO, theo ndng

do Ti(IV) trong dung dich thuy phan.

Nhu vdy, trong ciing di€u kién thuy phin va xi¥ Iy nhiét, kich thuc tinh the cla cdc
sén phdm TiO, ting khi ndng do Ti(IV) trong dung dich thuy phan ting. Tuy nhién vé t5c

Trang 24




TAP CHi PHAT TRIEN KH&CN, TAP 8, $0 8-2005

d6 phdt trién tinh thé ¢ sy khdc nhau theo ving ndng dé Ti(IV). Khi ndng d6 Ti(IV) nhd
hon 35gTiOy/1, kich thudc tinh thé ting nhanh khi ting néng d6 Ti(IV) trong dung dich thuy
phan. Khi néng d6 Ti(IV) 16n hon 35gTiOy/1, téc d6 pht trién tinh thé chim lai vd gin nhu
khong ddi khi ndng d6 Ti(IV) dat d&n 90gTiO/1,

Nhu dd bi€t rd riing, do tinh chit dé két tu clia hydroxit titan (su lién k&t cla cdc
nhém OH) trong qud trinh thily phin, cdc hat so cip hinh thanh ti cdc mam k&t tinh ban
diu s& k€t tu vdi nhau tao nén hat thit cap véi kich thudc 16n hon nhiéu lan so véi hat sd
cap [8). Vi ly do d6, sdn phdm bdt mau TiO, cdng nghiép thudng cé kich thude gidi han
trong khodng 0.1-0.4pm [9].

Trong nghién cifu nay, viéc tao ra cdc dao dong phan ti & tin s§ rit cao clia qud
trinh cdp nhi&t bing microwave da gép phan lam ngén trd sy k&t tu cla cdc hat sd cap hinh
thinh trong qud trinh thuy phin va sdn phdm TiO; dat dudc kich thuSc nanémét. Tuy
nhién, hiéu luc ngin trd két tu clia séng microwave cling phu thudc vao ndng do Ti(IV)
trong dung dich thuy phan, diéu nay din dén sy thay dSi dién tich bé mat riéng clia sin
phim TiO, nhu dugc biéu di&n trén hinh 2. & viing ndng d6 Ti(IV) trong khodng 15-
35gTiO,/], ciing v&i su phat trién kich thudc tinh thé, dién tich bé mit riéng ting dan khi
ting nong d6 Ti(IV). o] viing ndng d6 35-90gTiO4/1, viéc ting ndng dd Ti(IV) khong lam
dnh hudng dén dién tich bé mit riéng clia TiO,. Khi ndng dd Ti(IV) 16n hon 90gTiOx/1, su
két ty thing thé va din dén su gidm nhanh chéng dién tich bé mit riéng cla TiO, khi ting
ndng d6 Ti(IV) trong dung dich thuy phén.

4. KET LUAN

Vit lidu xiic tdc quang hod TiO; kich thudc nanémét da dugc diéu ché biing phuong
phdp thuy phan dung dich titanyl sulfate trong diéu kién microwave. Ndng dd Ti(IV) trong
dung dich thuy phan 1a mot y&u 8 quan trong dé€ ki€m sodt cdc tinh chdt bé mit cla sin
phdm TiO,. V&i vang ndng d§ Ti(IV) trong khodng 35-90gTiO/l, c6 thé diéu ch& dugc
TiO, ¢6 phdn bd kich thudc tinh thé trong khodng 14-16nm vdi dién tich bé mit riéng 16n
hon 48m?/g, thich hop cho cdc ing dung 1am vat liéu xuc téc.

Cong trinh nay ditge thuc hig¢n vdi sy hd trg mdt phan kinh phi tit Chuong trinh Céng
nghé Moéi truong ciia Vién Khoa hoc va Cong nghé Viét Nam.

PREPARARTION OF PHOTOCATALYST TiO, FROM ILMENITE ORE
PART I: INFLUENCES OF CONCENTRATION OF Ti(IV) IN HYDROLYSIS
SOLUTION ON PROPERTIES OF TITANIA
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ABSTRACT: Nano-sized powders of TiOz with crystallite sizes less than 16 nm and
surface areas up to 48mz/g have been prepared from ilmenite ore, in which the thermal
hydrolysis process carried out with microwave heating. This paper investigates the
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influences of concentration of Ti(IV) in hydrolysis solution on surface properties of titania.
The products were characterized by powder X-ray diffraction (XRD) and the Brunauer-
Emmett-Teller (BET) surface area measurement. The results show that the concentration of
Ti(1V) have a lot of influences upon the properties of nanosized TiO,.
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