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TOM TAT: Véi viéc dp dung qud trinh thuy phan trong diéu kién vi song, bét TiO, c6
kich thirde nanémét da dwoc diéu ché thanh cong tir nguyén liéu ban dau la tinh quing
ilmenite Viét Nam. Kich thudc tinh thé trung binh ciia pha anatase nam trong khodng 9-
40nm. Bai bdo ndy nham danh gié hoat tinh quang xiic tdc ciia san phcfm TiO; thong qua
phan ing phin huy quang hod thuéc nhuém azo (Acid Orange 10). Két qud nghién ciru cho
thdy rang, c6 moi twong quan gitta dg tinh thé hod ciia pha anatase voi hoat tinh quang hod
xuc tdc cua TiO,. Hoat tinh quang héa tot nhat thu dwoc véi mau cé do tinh the hod cao voi
kich thuée tinh thé trung binh cua pha anatase khoang 20nm, twong irng voi mau dwoc nung
& nhiét dé bat dau xay ra sw chuyén pha cau triic anatase-rutile.

1. GIOI THIEU

Trong hai thap ky gan day, qua trinh xuc tac quang hoa ban dan trén TiO; dugc xem nhu
1a mét phuong phap hiéu qua va co trién vong thay thé cac phuong phéap truyén thong dé xir
Iy cac cac chat hiru co trong méi truong nude hodc khong khi [1,2]. Khi cac hat ban dan TiO,
duogc chiéu sang voi birc xa UV ¢6 ning luong 16n hon nang lugng Vl‘mg cAm cta ban dan s&
lam phat sinh ra cap dién tur va 16 tréng (e/h") ma sau d6 cac cap e/h’ nay c6 thé di chuyén ra
bé mit cta hat dé khoi dau cho nhiing _phan Umg oxy hoa khur d6i voi cac chét hitu co dugce
hép phu trén bé mit TiO; va trong da s6 trudng hop, qua trinh oxi hoa khir nay din dén sy vo
co hoa hoan toan chit hiru co thanh CO, va H>0 [1,2]. Mot trong nhimg gioi han chinh cua
qua trinh quang hod xuc tac 1a gia tri hiéu sut luong tir twong ddi thap do sy tai hop cua cac
cap e/h" trude khi chung tham gia cac phan Ung oxy hoa khur véi co chat [3]. Nham dat duge
hiéu qua quang hoa cao, can thiét phai han ché cac qua trinh tai hop cua cac cap e "/h". Cac yeu
t6 quan trong anh hudng dén hiéu suat luong tr 1a kich thude hat, cdu trac va mirc do tinh thé
hoa ciia TiO, [3-7]. Va céc thong sd nay thay ddi 1 rét tiy thudc vao phuong phap diéu ché
TiO, [8].

Gan day chang toi thanh cong trong viéc didu ché TiO, kich thudc nandomét tir
ilmenite v6i viéc ap dung qua trinh thuy phéan trong diéu kién vi song [9,10]. Bai bao nay
nham dang gia hoat tinh quang hoa xic tac va nghién clru trong moi tuong quan gitra hoat
tinh quang hod va véi cac yéu t6 dic trung ciia san pham TiO,.

2. THUC NGHIEM
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Céc mau TiO, thu dugc bang qué trinh thuy phan dung dich titanyl sulfate tho trong
diéu kién vi song [10]. San pham két tia ctia qua trinh thiy phan dugc rira sach bang nudc cét
va sau d6 dugc nung & cac nhiét do 450, 500, 550, 600, 650, 700, 750, 800, 850, va 900°C
cung mot thoi gian nung 2 gid. Ki hiéu cac mau TiO, twong ung véi cac nhiét do nung trén
day lan luot 1a T450, T500, T550, T600, T650, T700, T750, T800, T850 va T900. Cac thong
s6 dic trung cho cac mau TiO, nghién ctru duoc néu trong bang I.

Hoat tinh quang ho4 cua cac mau TiO, dugc danh gia thong qua hi€u qué qua trinh phan
huy quang xuc tic thudc nhuom azo Acid Orange 10 (mac phéan tich, Merck). Dung dich
thuéc nhuém AO 10 duge chuén bi bang nudc khir ion (EC= 5uS/cm) di bio hoa oxy véi
ndng do ban dau ciia AO101a 10° ‘mol/l.

Qua trinh quang hoa dugc thuc hién trong hé phan Gng tinh sir dung cac cbe thuy tinh
250mL chtra 200mL dung dich AO10. Mdi coc dung dich phan tmg duoc bd sung mdi mau
xuc tac TiO, khac nhau voi cung ham lugng 1gTiO,/l. Mau TiO, thuong mai P-25 cua
Degussa (30% rutile, 30nm, 50m?/g) ciing dugc sir dung nham muc dich so sanh. Trudc thoi
diém chiéu UV, cac dung dich phan tmg dugc khudy tir trong t6i trong thoi gian 1 gid dé bio
hoa hap phu AO10 trén bé miat TiO,. Trong qué trinh chiéu UV, hé huyén phu dugc tron lién
tuc béng may khuéy tir va duge 6n dinh ¢ nhiét do 32+1°C b?mg nudc lam mat bén ngoai cac
cde phan tmg. Ngudn birc xa UV-A ding trong phan g dugc phat ra tir 2 dén huynh quang
15W ¢6 dinh burc xa & 360nm (FL15BL-360, Mitsubishi/Osram), duoc dét ¢ vi tri 10 cm phia
trén bé mit cac dung dich phan ung. Gia tri cuong do anh sang trung binh trong khoang birc
xa 340-400nm duoc xac dinh bang potassium ferrioxalate [11] & trén bé mit dung dich phan
g bang 1.30mW/cm®. Trong qua trinh chiéu UV, sau nhitng khoang thoi gian xac dinh, Sml
méu dung dich phan tmg dugc rit ra dé ly tdm va loc qua gidy loc 0.45um nham tach hét TiO,
trude khi phén tich. Nong do AO10 con lai trong dung dich duge xac dinh théng qua phd hip
thu, do bang thiét bi quang phé UV-VIS hai chum tia (JASCO V-550).
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Hinh 1.C4u tao ctia thuéc nhuém Acid Organe 10 (AO10)
(C16H1007N282Na2; MW = 452,30 g/mol)

3. KET QUA VA THAO LUAN

Hinh 2 trinh bay sy thay d6i phd hip thu cua dung dich AO10 theo thoi gian phan tng
khi sir dung cac mau xuc tac TiO, khac nhau. Mot cach téng quat, cudng do hip thu trong
vung uv-vis (200 600nm) cia dung dich déu suy giam theo thoi gian chiéu UV. Sy suy giam
cuong d6 van hap thu ¢ dai budc song dic trung ciia AO10 (Ama = 482nm) nhur chi ra trong
hinh tuong ung voi sy khir mau cia dung dich azo trong qua trinh phan rng. Nhu vay, khi st
dung mau xuc tac P-25, qua trinh khir mau hoan toan dung dich AO10 dat duoc sau 240 phut
chiéu UV, va sy khir mau hoan toan cling dat duogc ddi véi cac dung dich str dung mau xuc tac
T650 va T700 sau 300 phut chiéu UV. Véi cac dung dich sir dung nhitng mau xtc tac con lai
su khir mau hoan toan khong dat dugc sau 300 phut chiéu UV.
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Ky hiéu Ham lwgng | dxgrp (anatase), | Sggr, Hiéu suét phan

miu TiO, | pha rutile, % nm m’/g | huy AO10 *, %
T450 0 8.98 46.36 52
T500 0 10.79 54.79 53
T550 0 12.42 70.54 59
T600 0 15.00 48.75 6l
T650 0 18.40 34.23 73
T700 0 19.50 29.92 72
T750 441 28.25 - 58
T800 38.40 33.89 - 39
T850 81.55 38.06 - 14
T900 94.30 40.76 - 9
P-25 30 30 50 94

Bang 1.Cac thong sb dic trung cia cac mau TiO; st dung
" Sau 180 phiit chiéu UV

Mit khac, tir Iy thuyét vé pho uv-vis , cac dii pho hip thu cua cac hop chat hitu co
mach nhanh hodc mach vong xuét hién trong Vung bude song 200-300nm [12], do d6 sy suy
giam cuong do hap thu trong vung bude song nay cung cap thong tin dinh tinh vé qua trinh
khoang hoa cua cac san pham trung gian ciia AO10 trong qua trinh phan @ng. Hinh 2 cho thay
rang, cuong d6 hap thu trong dai budc song 200-300nm cta cac dung dich sir dung cac miu
xtic tac T650, T700 va P-25 déu suy giam 10 rét theo thoi gian chiéu UV. Nhu vay, voi viéc
str dung cac mau xuc tac ndy, bén canh viéc khir mau hoan toan qua trinh quang hoa xtic tic
con c6 kha ning khoang hoa dung dich AO10 dén cac san pham vé co.

Tir cac s liéu cua phd uv-vis, hiéu suat khir mau dung dich AO10 (hay 1a hiéu sut
phan huy thuém nhuém AO10) sau 180 phiit chiéu UV ctia cac qué trinh quang hoa xiic tac
trén day dugc trinh bay trong bang I va hinh 3. Nhu vay, hoat tinh quang ho4 ctia cac mau
TiO, thay dbi khi duoc nung ¢ cac nhiét do khac nhau: Vi cac mau dugc nung dudi 700°C,
hoat tinh quang hoa tang dan theo nhiét d6 nung, va hoat tinh quang hoa giam dan theo nhiét
d6 nung ddi voi cac mau dugc nung cao hon 700°C. Nhiéu nghién ctru cho thay rang hoat tinh
quang hod cua titania bi anh huéng boi phuong phap xtr 1y nhiét va thanh phan cau tric tinh
thé [3-5]. Trong trudng hop ciia nghién ctru ndy, do mirc do tinh thé hoa cta pha anatase ting
lén cung véi nhiét d6 nung [10], vi vay viéc tang hoat tinh cua cac mau duogc nung dudi
700°C c6 thé giai thich 1a do sy ting mirc do tinh thé hoa cuia pha anatase [6,7].

Mat khac, sy giam hoat tinh xtc tac cua cac mAau nung trén 700° Cco thé duoc giai
thich 1a do su xuat hién cua pha rutile (bang I). Bén canh do, du khong co s liéu vé dién tich
be mit riéng, su phat trién nhay Vot ctia kich thudc tinh thé khi xudt hién pha rutile cia cac
mau nung & nhiét d6 cao hon 700°C [10] c6 thé d3 lam giam nhanh chong dién tich bé mit
riéng ctia TiO,, va diéu nay ciing 1a mot nguyén nhan quan trong dan dén su suy giam hoat
tinh xuc tdc ctia cAc mau nay.
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Hinh 2.Sy thay d6i phd UV—Vis cia dung dich AO10 trong qua trinh quang hoa xuc tac VO’l
cac mau TiO, khac nhau. Cudng do hap thu ciia cac phd suy giam theo huéng tir trén xudng
tuong trng vdi cac thoi gian chiéu UV 1a 0, 30, 60, 120, 180, 240, 300 phut.

Hinh 3 ciing cho thay moi | tuong quan gitra hoat tlnh quang hoa va kich thudc tinh thé
ctia cac mau TiO,. Pbi véi cac mau duge nung dudi 700°C, nghia la trong giai doan chua xay
ra su chuyen pha anatase- rutile, hoat tinh quang hoa tang dan cung véi sy phat trién tinh thé
anatase du rang sy phat trién kich thudc hat da dan dén sy giam dién tich bé mat riéng cia xtc
tac (bang I). Co thé giai thich diéu nay nhu sau, viéc ting do tinh thé hoa di lam giam dang ké
cac khuyét tat trong thé khdi cling nhu trén bé mat cua cac hat TiO, dan téi viéc han ché dang
ké sy tai hop ciia cac hat mang dién quang sinh va lam ting hiéu suat lwong tir, diéu d6 da lam
tang méat d6 tam hoat tinh trén bé mit xtc tac nén mic du dién tich bé mat riéng giam nhung
hoat tinh xuc tac téng cong van ting 1én. Két luan nay phu hop voi mot s tac gia khac khi
cho rang do tinh thé hoa quan trong hon dién tich bé mit riéng cta xuc tac [6]. Khi bit dau
xay ra sy chuyén pha anatase-rutile (hon 700°C), hoat tinh quang ho4 giam nhanh chong cing
v6i sy phat trién kich thudc cua tinh thé anatase. Nhu vay, trong trudng hop ciia nghién ciru
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nay, kich thudc tdi wu cia tinh thé anatase d6i véi qua trinh quang phan huy AO10 trong moi
truong nudc vao khoang 20nm.
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Mé&u TiO ,

Hinh 3.Hiéu suat phan hay AO10 sau 180 phiit chiéu UV ctia cic qué trinh quang hoa xuc tac
duoc thuc hién voi cac mau TiOs.

Hinh 3 ciing cho thay rang, trong sd cic mau TiO, nghién ctru, mau T650 c6 hoat tinh
quang hoa tot nhat do phan huy AO10 sau 180 phut phan tng dat khoang 77% so véi truong
hop ctia mau P-25. Tuy nhién, hiéu suat phan huy AO10 biéu dién trén hinh 3 duoc so sanh
trong diéu kién phan tng st dung ciing ham lugng xuc tac (1gTiOy/1). Vi vay, khi chuan hoa
hiéu suit phan hiy AO10 theo dién tich bé mit riéng ciia cac mau xuc tac st dung, hoat tinh
quang hoa ctia mau T700 16n hon so v6i miu T650. Hon thé nita, hiéu sudt phan huy AO10
ctia cac mau T650 (SBET=34.23m2/g) va T700 (SBET=29.92m2/g) c6 thé dat dén 113% va
128% twong tng so v6i mau P-25 (Sppr=50 m%/g).

4.KET LUAN

Véi viée ap dung qua trinh thuy phan trong didu kién vi séng, bot TiO, co kich thudc
nanémét di dugc diéu ché thanh cong tir nguyén liéu ban dau 1a tinh quing ilmenite Viét
Nam. Nhi¢t d6 nung la mét yeu t6 quan trong dé kiém soat hoat tinh quang hoa ctia TiO. Qué
trinh tang nhiét d¢ nung san pham thuy phan dudi nhiét do chuyén pha anatase-rutile lam phat
trién do tinh thé hoa cuia pha anatase va ting cudng hoat tinh quang hoa ctia TiO,.
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PREPARARTION OF PHOTOCATALYST TiO, FROM ILMENITE ORE.
PART III: PHOTOCATALYTIC ACTIVITY FOR THE DECOMPOSITION
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ABSTRACT: With the thermal hydrolysis process carried out with microwave heating,

Nano-sized powder of TiO, has been prepared from ilmenite ore. The average crystalline size
of anatase phase was 9-40nm. In this study, the photoactivity of the prepared TiO, powder
was evaluated by the photodegradation reaction of an azo-dye (Acid Orange 10) in water.
The results showed that there was a relationship between the crystallinity and the
photoactivity of titania. Among the studied powders, the sample calcined at 700°C with pure
anatase, highly crystallinity was shown to have the highest photoactivity for the
decomposition AO10.
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