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TOM TAT
Mang nano TiO, dugc ché tao bang phwong phap phun nhiét phan dung dich TiCl, trén dé thuy tinh. Thanh
phan pha va céu triuc ctia mang dugc xac dinh biang phan tich gian d6 XRD; hinh thai hoc bé mit ctia mang dugc
thuc hién bang phan tich anh SEM va AFM. Kha ning quang xuc tac ctia mang dwoc danh gia qua kha nang phan
huy methylene xanh dudi chiéu sang cua dén halogen. Két qua khao sat cho thdy mang hinh thanh co cau tric
nanodon pha anatase, mang c6 kha ning phan huy methylene xanh twong d6i manh. Diéu ndy mé ra kha ning tng
dung ctua mang trong viéc xur ly mo1 truong.
Tw khéa: Mang nano TiO, phun nhiét phan, quang xuc tdc mang nano TiO,.

ABSTRACT

Nano TiO, films were prepared by spray pyrolysis method from TiCl, solution onto glass substrate. Phase
composition and structure of films were examined by pattern of XRD, and surface morphology of them were
analyzed by SEM and AFM. Photocatalysis capability of the films were evaluated by blue methylene decomposed
capability under illumination of halogen lamp. The experimental data showed that the forming films had single phase
and anatase nanostructure, they can decompose blue methylene ralatively strong. This open applied capability of
nano Ti0, films on environmental treatment.

Keywords: spray pyrolysis nano T10, film, nano T10, film photocatalysis.
1. MO PAU

Tu khi phat hién ra kha nang quang xuc tac manh cda nano TiO,, vat liéu nay da duoc rat
nhiéu tac gia nghién ctru. Kha nang quang xuc tac ky luc cua nano TiO, mo ra trién vong ung
dung rong ri vat liéu nay trong linh vuc cong nghé xir ly chat thai va lam sach méi truong.

Hién tai, voi su phat trién manh cua nhiéu nganh kinh té da tao ra su 6 nhiém moi truong
nghiém trong ké ca vé mit hoa hoc 1an sinh hoc, nhiéu noi da xuét hién tinh trang mat cin b?mg
sinh thai. Nano TiO, véi kha ning quang xuc tac duoc ky vong tré thanh vat liéu dac luc cho loai
nguoi trong viéc lam sach méi truong. Nhiéu thiét bi 1am sach méi truong nudc va khong khi da
duoc ché tao & quy mo cong nghép. Nhiéu ché pham chira nano TiO, co hoat tinh khang sinh da
duoc san xuat thanh thuong pham.

Phuong phap phun nhiét phan (SP) (spray pyrolysis method) la mét trong cac phuong phap
don gian va kinh té nhat dé ché tao cac oxyt kim loai, co thé st dung vat liéu ban dau la cac mudi
kim loai ré va dé tim kiém trén thi truong, cac mudi nay dé hoa tan trong nudc va phan huy & cac
nhiét d6 vira phai (thuong < 500°C) [8]. Rat nhiéu vat liéu khac nhau da duoc ché tao bang hoic
trén co so ctia phuong phap nay ké ca cac bot kich thudc nano kim loai va cac oxyt kim loai don
cling nhu da thanh phéan [1,5,7,8].

Phuong phap SP di dugc nhiéu tac gia st dung dé ché tao mang nano TiO, ké ca mang don
nguyén va da nguyén tir cac mudi ban dau khac nhau nhu: Cac tac gia [11] phun nhiét phan hon
hop long cua titanium va niobium peroxo-hydroxo trén dé thily tinh thach anh. Cac tac gia [3] ché
tao mang TiO; va TiO, pha tap carbon su dung vat liéu la titanium-tetraisopropoxide. Céc tac gia
[1] ché tao mang TiO, trén dé thuy tinh dung vat liéu la Titanium(IV) isobutoxide [Ti
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((CH3),CHCH,0),]. Cac tac gia [12] ché tao mang TiO, trén dé thuy tinh, dung vat liéu
C10H1405Ti. Cac tac gia [10] ché tao mang TiO; st dung vat liéu ban dau la dung dich TiCl;. Cac
tac gia [2] ché tao mang TiO; trén dé la tinh thé Si dung vat liéu 14 titanium diisopropoxide.

Mot s6 nghién ctru cho thay hiéu suat quang xuc tac cua cac hat nc TiO, phu thudc manh vao
tinh chat vat ly ciia cac mang. Trong cac ing dung thuc tién, khi su dung bot nano TiO; la chat
quang xuc tac dé lam sach moi truong va khur doc, viéc tai sinh TiO; béng tach cac hat TiO, khoi
dung dich bi nhiém ban la kho khan. Véi viéc st dung cac mang mong TiO, ché tao bang ki
thuat don gian va s dung vat liéu ré tién, nhu st dung phuong phap SP co thé tranh dugc mot s6
van dé d6 va vi thé nang cao duoc kha ning ung dung cua ching [1]. Ngoai su don gian cia
phuong phap, gia thanh thap va cac chat thai it nhat, qua trinh SP con cho phép ché tao cac 16p
phti co dién tich 1on va dé dang ap dung cho viéc san xuét cong nghiép [4]. Pay la uu diém noi
bat cia phuong phap SP vdi cac phuong phap khac.

Trong cong trinh nay, ching toi nghién ciru ché tao mang nano TiO, bang phuong phap SP
dung dich TiCly trén dé nong. Tiép theo, budc dau nghién ctru kha ning quang xuc tac cia mang
dé phan hiy chat hitu co trong viéc xr li méi truong, tiéu biéu la quang xuc tac phan hiy
methylene xanh.

2. THUC NGHIEM
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Hinh 1. So' d6 khéi hé tao mang bing phwong phap phun nhiét phan.
Vit liéu ban dau 1a TiCly 99 % cua hing MECK (Puc). Bé duoc lam bang thuy tinh quang
hoc (microscope slides) ciia Trung Qudc san xuat (CAT. NO. 7105), day 1,2 mm. Methylene
xanh C;¢H;3CIN3S.3H,0 cua Trung Quéc san xuét.

So d6 ché tao mang nano TiO, bang phuong phap SP dung dich TiCly trén dé nong duoc
biéu dién trén hinh 1. B6 khong ché diéu khién nhiét d6 k§ thuat s6 ciia hing OMRON voi do
chinh xac hién thi 1 °C. Ap suat hoi duoc diéu khién qua hai van ha ap va diéu ap ctia UniD800 -
Pai loan. Tan sd phun duoc diéu khién bang vi mach c6 kha ning kiém soat toan xung cho phép
thay doi ca thoi gian phun va thoi gian nghi.

TiCly duoc pha thanh dung dich véi néng do trong khoang 0,025 dén 0,15 mol/dm? M).
Dung dich dugc phun véi ap suat khong khi nén 1,5 at. Cac nhiét d6 dé duoc khao sat trong
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khoang tir 350 dén 450 °C.

Cau triic nano ciia mang va kich thudc hat tinh thé dugc tién hanh bang phén tich gian do
nhiéu xa tia X (XRD) thuc hién trén may D8-AVANCE BRUKER. Hinh thai hoc bé mat mang
duoc danh gia bang phdi hop anh chup kinh hién vi dién tir quét phat xa truong (FESEM) thuc
hién trén may FESEM HITACHI S4800SEM va kinh hién vi luc nguyén tir (AFM) thuc hién trén
may Multimode-VEECO-USA.

Phé hap thu UV-Vis cua cac dung dich methylen xanh dugc do trén phd ké hap thu
Shimadzu UV-Vis 2540.

3. KET QUA VA THAO LUAN

Gian d6 XRD (hinh 2) cta cac mang ché tao & cac nhiét do dé khac nhau trong cing mot
diéu kién thuc nghiém. Gian d6 XRD cho thay cac phan xa Bragg rat rd nét & cac goc nhiéu xa
dién hinh 26 = 25.4°, 38.8°, 48.0° va 55.0° twong ung vdi cac mit phang tinh thé: (101), (112),
(200) va (211). Két qua cho thay trong vung nhiét d6 khao sat 340 — 460 °C, cac mang hinh thanh
déu c6 cdu truc tinh thé don pha anatase. 6] ngoai khoang nhiét do khao sat nay, néu nhiét do cao
hon, mang kho hinh thanh va bam dinh trén dé; & nhiét do thap hon, su phan huy TiCl, dé hinh
thanh TiO, xay ra khong hoan toan, mang con nhiéu cac thanh phan tap chit va ciing khong bam
dinh chéc trén dé.

Hinh 2. Gian d6 XRD ciia mang TiO, ché tao & cac nhiét d9 khac nhau.

Két qua tinh toan tir gian d6 nhiéu xa tia X theo cong thirc Scherrer cho thay kich thudc
trung binh ciia cac hat tinh thé nano TiO, chi thay ddi trong pham vi nhé (7 — 10 nm).

Hinh 3. Anh SEM ciia mang nano TiO; ché tao & nhiét dé 450 °C.

Céc két qua khao sat hinh thai hoc cho thay cac mang nano TiO, ché tao bang phuong phap
phun nhiét phan co cau tric rat xop. Diéu nay lién quan dén cac qua trinh bay hoi cua dung moi
va cac ban thanh pham trong qua trinh nhiét phan vat liéu ban dau. Hinh 3 va 4 1a két qua khao
sat anh SEM va AFM cua mau tiéu biéu ché tao véi n6ng do dung dich 0,1 M va & nhiét do dé
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450 °C. Co thé thay duoc ciu triic nano cua mang TiO, qua cac anh nay.

Khi pha lodng TiCly, phan ing thuy phan xay ra tao thanh dung dich huyén phu chua cac hat
sol TiCl,(OH),. Trong qua trinh nhiét phan, cac hat sol TiCl,(OH), sé phan huy tao thanh TiO,
theo phan ung [9]:

TiCl,(OH), + H,0 = TiO(OH),¥ + 2HCIT )
TiO(OH), = TiO, + H,O (2)

Cac két qua khao sat cho thay qua trinh hinh thanh va pham chat cua mang TiO, khi ché tao
trén dé thuy tinh phu thudc vao cac yéu to cong nghé chu yéu nhu kich thude hat sol, nhiét do dé,
n6ng do va lugng vat liéu ban dau.

Hinh 4. Anh AFM ciia mang nano TiO; ché tao & nhiét dp 450 °C.

Anh AFM cho théy kich thudc hat tuong ddi dong déu trong khoang ~ 10 — 15 nm, do gb
ghé cta bé mit khoang ~ 100 nm, mang c6 nhiéu hdc rong. Két hop véi anh SEM co6 thé thay
kich thudc cac hoc rong thay ddi trong pham vi 16n — trong khoang tir ~ 20 nm dén ~ 200 nm.
Mang hinh thanh ¢6 ciu tric rat x6p nén co thé sé co hiéu qua cao trong tng dung quang xuc tac
cling nhu pin mat troi quang dién hoa.

Methylen xanh (C;6H;sN3SCI) 1a mdt hoa chat duoc su dung rong rai trong cac nganh nhuém
vai, nilon, da, gb; dung dé san suat myc in; trong xay dung dé kiém nghiém danh gia chat luong
bé tong va vita, dugc sir dung trong y hoc nhu lam thudc sat tring, ... methylen xanh trong chat
thai co thé giy ra 6 nhiém méi truong nudc va khong khi. methylen xanh 1a mét hop chat tuong
d6i bén, n6 khong bi phan huy dai chiéu sang bang anh sang Mit troii hay anh sang cua dén
halogen.

SN
i\~

Hinh 5. Phé hip thu ciia dung dich methylen xanh sau chiéu sdng khi cé6 mang nano TiO,
trong dung dich: 1) Chiéu sing 60'; 2) Chiéu sding 120'; 3) Chiéu sing 180'; 4) Dung dich
methylene khong c6 mang nano TiQ,.

Mang c6 kich thudc 1 ecm x 1,2 cm (ph mot mit trén dé thuy tinh) duoc nhiing trong dung
dich methylen xanh (C;¢H;sN3SCI) 1 %. Toan bd hé duoc chiéu sang boi den halogen cong suat
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50 W. Sau nhitng khoang thoi gian nhat dinh, dung dich duoc do pho hap thu. Methylen xanh khi
bi khu, dinh hap thu sé giam xudng, do d6 dung dich s& bi mat mau va trd nén trong hon. Luong
methylen xanh bi khir cang nhiéu thi dinh hap thy ctia dung dich thu dugc cang giam manh. Hinh
5 cho thay két qua cta phd hap thu dung dich methylen xanh sau 60, 120, va 180 phut xu ly bang
mang TiO, dudi anh sang dén halogen. Pinh hap thu giam tir 41,5 % xudng con 25 % sau 3 h xir
ly, tuong ung voi kha nang khur methylen xanh 1a 40 %.

Thi nghiém dbi chting 1a cung dung dich methylen trong cung diéu kién chiéu sang. Do phd
hap thu déu khong co su thay ddi so v6i dung dich ban dau chua chiéu sang, diéu nay ching to
methylene xanh chi bi phan huy trong diéu kién chiéu sang khi c6 mang nano TiO, trong dung
dich.

Hinh 6 biéu dién su phu thudc cua do hép thu dung dich methylen xanh theo thoi gian xtr ly
va theo su thay ddi cua diéu kién ché tao mang & ba nhiét d6 khao sat 350, 400 va 450 °C. Co thé
thay rang mang ché tao ¢ 450 °C cho hiéu ng quang xtc tac manh nhat, vi dung dich methylen
xanh xtr 1y boi mau nay c6 d6 hap thu yéu nhat. Diéu nay phu hop véi giai thich cua cac tac gia
[6] 1a khi ting nhiét do ché tao mang, tinh tinh thé cia mang trd nén hoan thién hon, sb luong cac
tam tai hop hat tai giam, vi thé kha ning quang xuc tac cia mang ciing cao hon.
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Hinh 6. Khd ning phin huy xanh methylen ciia cdc mang ché tao 6 nhiét @ khdic nhau
theo thoi gian chiéu sdng: 1) Mang ché tao ¢ 350 °C; 2) Mang ché tao ¢ 400 °C; 3) Mang ché
tao ¢ 450 °C.

Trong 60 phut dau tién, toc d6 khir methylen xanh cua mang kha cao, nhung sau dé toc do
nay giam dan va tién dén bdo hoa. Diéu nay co thé duoc giai thich boi sau khi methylen xanh bi
khtr, cac san pham phu cua qua trinh nay van bam vao bé mit hat TiO,, 1am dién tich bé mat hoat
dong giam dan. Piéu nay c6 thé duoc loai bo, néu trong qua trinh quang xuc tac c6 su di chuyén
cua dong dung dich tht nghiém.

4 KET LUAN

Bing phuong phap phun nhiét phan v6i phuong tién don gian, st dung vét liéu ban dau la
mubi TiCl, tuong ddi ré tién da ché tao duoc mang nano TiO, don pha anatasse voi pham chét
tinh thé va do sach cao. Mang c6 cau triic x6p voi kich thudc trung binh ciia cac hat tinh thé nam
trong khoang 7-10 nm it phu thudc vao n6ng do va nhiét do ché tao.

Mang nano TiO, ché tao bang phuong phap phun nhiét phan tir dung dich TiCl, c6 kha ning
quang xtc tac dé phan huy tuong d6i manh methylen xanh. Diéu nay mo ra hudng nghién ctu
kha ning quang xtc tac cua mang dé phan huy cia cac hop chat chat hitu co khac ciing nhu
nghién cuu ung dung mang trong viéc lam sach va xt li moi truong.
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