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TOM TAT: Ma g quang xic tdc TiO, dugc nghién ciru va ché tao bang phwong phdp
phun xa phan vmng mag netron DC khéng cdn bang trén dé thity tinh c6 cdu tric tinh thé cao va
dién tich hiéu dyng lon:, ddc biét la dat dwgc cdu tric anatase ¢ nhiét do dé neong doi thip I,=
446 K . Nhitng ddc trung vé cdu tric, bé mdt, tinh chdt quang cia -mang dugc khao sdt bang
phu'ong phdp nhiéu xa tia X, kinh hién vi luc phdn tie AFM va phé UV — vis. Tinh quang xiic
ctia mang dwoc kiém tra bang kha ndng tu‘ong tdc voi dung dich Methylene Blue (MB) dudi
dnh sdng tir ngogi. Két qua la tim dugc diéu kién t6i wu dé tao mang cé tinh quang xuc tdc Ion
la: 1y I¢ khi O, Ar = 0.06, cong sudt phim xa P, = 275 W, khodng cdch bia dé h = 4cm, dp
sudt phun xa p = 13mtorr, do day mang d = 660 nm va nhiét dg dé T, = 485 K. Nhitng miang
TiO; nay con cé thé sir dung nhiéu ldn ma luong chat hitu co Methylene Blue MB bj phén huy
hau nhw khéng do.

1.GIOI THIEU

Vian dé nghién citu vét liéu quang xuc tac TiO, duge nhiéu phong thi nghnem trén thé  gidi
quan tdim. Qua nghién cuu c4c tai liéu cho thdy céc cong trinh nghién ciu tap trung vé hai
dang TiO; : bot va mang'"”?

Trong sb nhitng vét lleu béan dan, thi TiO, da thu hut rong rii su chi'y ciia nhiéu nha khoa
hoc do kha nang rng dung cia nd. Kha ning 6xy héa mang cia 16 tréng dugc san sinh bdi
phétén; tinh tro héa th va tinh khéng doc hai cia TiO, da lam cho né tré thanh vt liéu
quang xiic tic hang dau. Kha nang 6xy héa manh cta TiO, khi hap thu anh sang ¢ budc séng
A< 387nm - nhu anh sdng mit trdi hay anh sang dén thiy ngan. Tir quan diém tmg dung, cac
nha khoa hoc da tap trung nghién ciru chii yéu trén 3 linh vue: hiéu ung khir mui, hiéu img khir
tring va hiéu ing tu 1am sach véi 2 dang bt va mang TlOz[5 7). Du bét ctr dang nao, de do hoat
dong quang xuc tac 16, it nhét ciing can 2 thong so lién quan: dién tich phan ing bé mat phai

Ién va vén tde tai ho’i) ctia electron € va 16 tréng h* phai nho. Diy la van dé réng lon cua cac
nha hoa hoc va vit ly

1.1.Hé tao mang méng TiO, '

Hg phun xa phan img magnetron DC khong can bang dugc bd tri sao cho nam cham & gma
¢é cudng d6 khéng di manh dé kéo céc dwong sirc tir phat ra tir cac nam chim vong
ngoai.Thuan loi cua hé 1a dé ludn bi d6t nong bai ion dudi sur gia tée ciia thé ndi Vi nén mang
thu dugc co cAu tric tinh thé sém trong qua trinh ché tao

Hé gom: vo ngoai inox kich thuée 91 x 91 x 51 mm’, vé trong 81 x 81 x 41 mm®; 40 nuée

lam lanh bia bang ddng day 3mm, dudng kinh 15 mm; tir trucmg 250 + 350 Gauss bing nam
chdm vinh ciru Ferit; bia Titanium (99,99%) 80 x 80 x 6 mm’. Khi phun xa la (O, +Ar).
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1.2.Hé do quang xiic tac MB '
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M3au ngdm MB
Hinh 1. So d6 bb tri hé do quang xuc tac

Mang quang xic tic TiO, sau khi dugc tao ra, ngm trong dung dich MB nong d6 1mM/1
trong 1h. Sau 30 phut aé kho trong bong tdi, mang dugc chleu dudi 4nh sang UV cua dén cao
ap thiy ngan c6 cong suét hiéu dung SOW. So sénh d§ truyén qua clia mang trudce (T;) va sau

khi chiéu séng (Ty) ta duge lugng MB bj phén hiy: A4s =ln?- Sai sb clia phép do AX =

0.008.
2.KET QUA VA BIEN LUAN

Trong phén nghién ciru ndy, trén hé phin xa magnetron khéng cén bing chiing t6i di tao
dugc nhitng mang quang xuc tac TiO; ¢o cAu triic tinh thé anatase kha sém, & nhiét dd dé nho
hon 473 K (hinh 2). P4y la wu diém 16n nhét cia hé phun xa khong can béng, vi ¢4 thé tao
mang trén dé thuy tinh théng thudmg va khéng can t nhiét sau khi ché tao.
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Hinh 2. Phd nhiéu xa tia X ctia mang TiO, véi dinh anatase [101] & nhiét d¢ ché tao thép.

Qua khao sat nhidu mang quang xic tac TiO, voi nhimg diéu kién khac nhau vé ty 1€ khi
(mol O,/Ar), dong phinxaly, khoang céch bia dé h, ap suat phun xa p. Chung t6i thdy ring
khi thay ddi cac diéu kién tao mang nay thi lam bAc tinh thé va dién tich bé mit hiéu dung
cling bi va anh hudéng dén tinh quang x(ic tic ciia mang.

2.1.Khio sat theo ty 1€ mol OglAr

Cac nghlen ctru trén thé gi6i vé da tim ra nhimg ty 16 khl phtin xa O,/Ar tdi wu cho mang
quang xuc tac TiO, nhwr 2/1; 0,08 va 0,06. Va chiing tdi mudn thir nghiém céc ty & nay trén hé
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phiin xa thuc te tai phong thi nghiém cia minh, két qua cho thiy & ty 18 0,06 thi mang co6 tinh
quang xiic téc t5t nht.

Bang 1. Mang TiO, dugc ché tao véi cic thong sb: I,=0.5A, t = 60 phat, p= 13mtorr,
h=4cm; l4n lugt thay ddi ti 16 khi Oz/Ar 0.06; 0.08; 2.

0,/Ar | d(nm) n o,(Gpa) | (hkI) D(A%) | AABS
-5, 263
; A(101)
0.06 544 2.29 0.256
A(112)
59 | A@101) 247
0.08 660 2.28 0.215
A(103)
-6.2 A(101) 219
2 846 2.29 0.243
A(103)

Qua bang 1 va hinh 3 ta thay rang, bac tinh thé va tinh quang xiic tac cao nhét & ty 18 khi
O,/Ar 1a 0,06; tinh quang xuc tac thap nhét & ty I¢ khi 0,08 (nhung béc tinh thé cao hon ty 1&
O,/Ar 14 2). Diéu nay cho thay rang tinh quang xic tac khong chi phu thuge vao béc tinh thé
ma con phu thudc vao mét yéu td khéc, d6 1a dién tich hiéu dung bé mit (hay do ghd ghé trung
binh). R rang dién tich hiéu dung ctia ty 16 0,08 thép hon ty 1& 2 (hinh 4)
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Hinh 3. Phd nhiéu xa tia X clia mang TiO, véi cac diéu kién phin xa trong bang 1.
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O/ Ar=10.0

()1\1_2 ; }
rms'= 9,3 nm

rms = 104 nm

Hinh 4. Anh AFM cua 2 ty 1¢ khi v&i rms 1a d ghd ghé trung binh

2.2.Khio sét theo bic tinh thé
Giit ¢b dinh cac thong s6, mudn ting béc tinh thé, ngoai viéc ting dong phun xa ta co thé
giir dong phin xa c¢6 dinh va ha khoang céch bia dé. Diéu nay dugc minh hoa boi hinh 5.

Thets = Neaiw Uiatasn Peiralews Taslitete 85-Jul- 2006 14 83
-y v

27798 77

S

Arw/\«w,

Hinh 5. Phd nhiéu xa tia X cta 2 mau ¢6 h = 5cm va h = 4em

% [ —<FCIT= ™ » i

G h =4 cm, quing duodng dén dé cua hat phin xa ngén, céc ion dugc gia téc bai thé ndi Vi
16m nén cac hat phun xa ling dong trén dé véi ning lugng cao hon & h =5 cm. Vi vay mang c6
bac tinh thé cao hon.

G h =4 cm, I, thich hop 1én nhét 12 0,6 A. Néu I, cao hon 0,6 A thi dé bi bén pha béi cac
hat c6 ndng lu'cmg 16m 1am mang bi nhiém bén.

Néu h = 5 cm, mubn cé bic tinh thé twong dwong véi h = 4cm doi héi phai cé dong phiin
xa 16n dén mét mirc cho phép (khoang 0,8A — 0,9 A). Tuy nhién, kha nang nay chi duoc thuc
hién khi bia dugc giai nhiét tot.

Néu ha khoang céch bia dé h xudng thdp (h<4 cm) > mang bi nhiém ban.

Néu tang khoang cach bia dé h 16n hon (h>5 cm) = mang c¢6 bac tinh thé thip (c6 thé vo
dinh hinh).

Ca hai didu nay déu din dén tinh quang xtc tic kém.

2.3.Khdo sat theo dién tich hiéu dung

Dién tich hiéu dung 12 mdt trong nhitng yéu cu quan trong nhét trong viéc ché tao mang
quang xic tac TiO,. Dién tich hiéu dung nay c¢ lién quan dén béc tinh thé va céc thong s6 nhu
dd day, 4p suét, ty 18 khi.. Khi ap sudt p cang Ién, nang luong ling dong ciia cac hat trén. aé
cang giam (do bi va cham nhiéu lan trong qua trinh dén dé). Mic khéc, khi 4p sudt p tang, thé
noi V¢ giam, béc tinh thé clia mang giam.
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Theo bang 2 va hinh 7 thdy ring khi p cang tang, d6 day va bac tinh thé cang giam, nhung
lugng MB bi phén hity cao nhat & 4p suét p = 13 mtorr. Diéu nay cho théy rﬁng tinh quang xtc
tac khong chi phu thudc vao bac tinh thé ma con phu thude vao dién tich hidu dung bé mit (do
ghd ghé trung binh).

O ap suit p = 9 mtorr mic di mang cé bac tinh thé (D = 29 nm) cao hon & ap sudt p = 13
mtorr (D = 24,7 nm) nhung dién tich hiéu dung kém hon (c4u triic ving 1 trong gian dd
Thornton). -

Bing 2. h =4 cm, Oy/Ar = 0.08, t=60 phiit,],=0.5A

p(mtorr) | d(nm) | T,(°C) | of(Gpa) | (*)AABS (hkl) | DAY

32 389 210 7.1 0.141 A(101) | 219

16 504 207 5.9 0.162 A101) | 239 |/
A(101) '

13 660 215 7.1 0.215 247
A(103)
A(101)

9 737 210 7.4 0.207 290
A(103)

—
0,20 " \

0.15 4 \'

0,104

0,05

0,00 T T T T ¥
5 10 15 20 25 30
Ap sudl phiin xa (mtorr)

Hinh 6. Lugng MB bj phéan hiy theo dp suit phun xa.

O 4p suat p > 13 mtorr, mic di mang c6 dién tich hiéu dung cao nhung bac tinh thé lai
thip nén tinh quang xic tic thap hon ap suét p = 13 mtorr. Nhu vay, & ap sudt p = 13 mtorr
mang co tinh quang xuc téc t6t nhat (vira c6 bac tinh thé cao vira c6 dién tich hiéu dung 16n).
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Hinh 7. Phd nhiu xa tia X clia mang TiO, v6i cic 4p sudt phiin xa khac nhau

2.4.Kha nang tai sir dung i
_ Khi khao sat tinh quang xiic tac cua nhiéu méu, ching t6i thdy ring lrgng MB bi phén huy
lan dAu va cac 1an sau gan bang nhau. Piéu nay duoc minh chimng & hinh 8

05+

0,304
oih . ' _
044 /‘: 0,25 2 ———
1 % _0.06 ] 9 _ .08
5 Ar v 9707 Ar
2 p = 13 mtorr gm_ p = 13 mtorr
3 . P,=552 W P, =360 W
. d=660nm 0,10+ d=641 nm
o4 h=5cm —_ h=4cm
0.0 T T T T T T T T 0,00 T T T T T T
0 20 40 60 80 100 120 140 [} 20 40 60 a0 100 120
. Thai gian chigu UV (phiit) Thi gian chiu UV (phit)

Hinh 8. Luong MB bi phan hiy & 3 14n thi nghiém.

Tir hinh 8 cho thdy mang quang xiic tac TiO, c6 kha nang tai sir dung I6n. V& mit kinh té
va thyc tien, day la mét vu diém vuot trdi so voi bt quang xic tac TiO, trong viéc str dung
hap thu chit bin hitu co nhiéu 14n va lau dai.
3.KET LUAN VA HUONG PHAT TRIEN

Nhirng két qua nhén duoc va ban ludn trén chimg to ring, mang quang xic tic TiO; duge
ché tao biang phuong phap phin xa phan ng DC trén hé magnetron khong cén bang sé& thu
dugc mang c6 chu tric tinh thé anatase som ( Ts = 446 K) va dién tich hi¢u dung I6n.

Pé c6 tinh quang xiic tic tdt, mang TiO, dwgc ché tao & cc thong sé : O,/Ar = 0,06; P, =
275 W, h = 4cm; p = 13 mtorr; t = 60 phut; T = 488 K Trong dd ta cd thé tang I,= 0,8A - 0.9

"Avah=5cm néu bia duoc giai nhiét tot.
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Tuy c6 thé tai sir dung nhiéu 1an nhung han ché lén cha mang quang xic tdc nay 1 chi c6
thé sir dung 5% luong UV trong énh sang mat troi. Néu cé thé sir dung anh séng kha kién cho
méng quang xic tac TiO, (bang cach pha tap kim loai, N,...) thi s€ m¢ rong pham vi tng dung
trong thuc tién.

PHOTOCATALYTIC TiO, THIN FILMS FABRICATED BY DC REACTIVE
MAGNETRON SPUTTERING

Vu Thi Hanh Thu”, Nguyen Huu Chi ®’, Le Van Hieu, Huynh Thanh Dat®,
Pham Kim Ngoc®
(1) University of Natural Sciences, VNU-HCM
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ABSTRACT: Titanium dioxide thin films that were deposited by unbalanced DC reactive
magnetron sputtering on glass substrates have a high crystal structure and large surface area,
especially getting the anatase phase at the fairly low temperature subsirates T, = 446K . The
films were charaterized by X-ray diffraction, attomic force AFM, UV-vis spectroscopy. The
photocatalytic properties of TiO; thin films were tested with the degradation methylene blue
MB under UV light irradiation. The best fabricated photocatalytic TiO; thin films were found
with such parameters: gas ratio O/Ar = 0,06, sputtering power Py = 275W (I, = 0,5 A; V, =
550V); target — substrate distance h = 4cm; pressure p = 13 mtorr; film thickness d = 660
nm and substrate temperature T, = 485 K. These films also have a reused probability several
times without decreasing amount of Methylene Blue (MB) degradation.

Keyword: TiO; thin film, photocatalytic.
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