TAP CHi PHAT TRIEN KH&CN, TAP 11, S0 06 - 2008

CO CHE PHA TAP NITO VAO TINH THE TIO; BANG PHUONG PHAP
PHUN XA PHAN UNG MAGNETRON DC

Vii Thi Hanh Thu®, Pinh Céng Truong®, Nguyén Hiru Chi®, Lé Vian Hiéu, ” Huynh
Thanh Pat®, Pham Kim Ngoc®, Lé Pinh Minh Tri®"
(DTrudng Dai hoc Khoa hoc Tu nhién, PHQG-HCM
(2) PHQG-HCM
(Bai nhan ngay 30 thang 11 ndm 2007, hoan chinh sira chita ngay 26 thang 02 nam 2008)

TOM TAT: Nhitng két qua nghién ciru vé mang TiO;,Ny dugc ché tao bang phiong
phdp phiin xa phan img magnetron DC khong can bang cho thay c6 kha ndng quang xiic tdac
dudi anh sang kha kién. Déc trung cua mang digc cho boi phé X-ray, phé UV-vis. Nong do
nito' trong mang duge xdc dinh bing phwong phap EDX. Tinh quang xiic tdc ca mang duwgc
do bang kha ndng phdn huy Methylene Blue hay MB (CisH)sCIN3S.3H0 = 373,5). Két qua
cho thay giam dp réng ving cam khi tang néng dé pha tap nito do su lién két véi obital N 2p
trong mang TiO;Ny. Cong trinh dong thoi dwa ra mét co che mdi vé sw pha tap nito trong
mang tinh thé anatase TiO2 dé thanh ldp mang TiO2-xNx, diéu nay khdc biét voi cdc co ché
pha tap trudce day [1,8]. Ngoaz ra, mang thu dwgc 181 wu & diéu kién ché tao: dp sudt 13mtorr,
céng sudt 240W, dé day mang tic 600nm dén 700nm va ty Ié khi N»/O; = 4 -5,5.

1.GIOI THIEU
Nhu da biét, bot va mang TiO, da duge nghién ciru rong i d4 13m vit liéu quang xuc tac.
N6 c6 kha ning quang xuc tdc 16n, d6 bén hoa hoc cao, khdng doc hai va r14 thinh ré. Vi vay,

ngudi ta da tap trung nghién ciru né vao muc dich mg dung nhu lam mit mui, tw lam sach
khoéng khi va nudc, va chéng khuan [1]. Tuy nhién, tinh thé TiO, c6 d rong vung cim 16n (3,2
- 3,8 eV), nén d6 nhay quang xuc tac chi nam trong ving 4nh sdng tir ngoai véi A < 380nm,
tirc chi 5% néng luong mét troi trong vung tir ngoai c6 kha néng kich hoat phan umg quang xuc
tac. Dé chuyén phan ‘mg quang xiic tic vao vung anh sang kha kién, & d6 né chiém 45% nang
luong mit troi, ngudi ta da dung cic phuong phép nhu: a) pha tap TiO, véi kim loai chuyen
tiép dé tao nhifng trang thai trung gian trong vung cdm cua Ti0,[2]; b) gin két chat nhay
quang ban dan hoic chat hitu co ¢6 kha ning hép thu dnh sang kha kién; c) thanh 1ap TiOx va
d) pha tap nito[1], cacbon[S] sulfur[4] hoac flurine[5] dé thay thé O trong tinh thé anatase
TiO,. Ba phuong phap dau c6 nang suét va do bén vt liéu thp. Trong phuong phap cudi, pha
tap thay thé N 12 hiéu dung nhat, vi trang thai N(2p) clia chiing ndm trong ving cam hep trén
vung hoa tri bing cach tron 14n véi trang théi O(2p) [6]. Mic di chit pha tap S ciing c6 vung
cam hep tuong tu, nhung s& kho dua vao tinh thé TiO, vi ban kinh nguyén tir S 16m. Vi vay,
ngay nay céc phong thi nghiém ly — hoa trén thé gioi déu tap trung nghién ciru phuong phap
pha tap nito vao TiO, dé thanh 1ap mang hay bgt TiO,.<Nx. Nhing hat pha tap anion nay tot
hon céc hat pha tap kim loai chuyén tiép vé do bén ciia vat liéu pha tap, hiéu suat quang xiic
tc 16n va dé dang trong cong nghé pha tap.

Pha tap nito vao TiO; c6 thé thuc hién bing phuong phap phun xa trong méi trtrong Kkhi
phan tng N [1,7,8], d6t nong bot TiO, dudi dong NH; & nhiét do cao trong vai gio [1,9] ,
hodc ding hat nhan néng chira N trong phuong phap Sol-gel [11]. Tuy nhién, ndng d6 pha tap
N trong cac phuong phap trén déu rit nho, ¢& 1 — 1,4at%. Gén dy nhit, ngudi ta da pha tap N
bing phuong phéap Ion-beam-assisted Deposition (IBAD) va dé nhén dugc néng d6 pha tap
kha 16m, ¢ 30at% (x =0,9) [11].
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Véi phuong phép phiin xa magnetron, tac gia [8] cho ring, néng do pha tap N bing
phuong phép nay 1a nhd, ¢& 1,4at% vi pha tap chi yéu duoc qui dinh béi phén tng cta ion N*,
ning lugng thip, duoc thinh 1ap trong plasma phiin xa. Phan tmg N7, ¢6 kha ning thay thé O
trong mang TiO, dé thanh 14p mang TiO,.,N,. Nhung do ning luong ion N*, thap, nén lugng
thay thé O cta chung bj gi6i han. Tuy nhién, chinh thyc nghiém cua cong trinh nay lai xdc
dinh dugc ring, khi F= fy, /(fx, +15,)=0,75, & d6 f 1a van téc dong khéi luong cua khi
tuong tmg ( v&i s, = 40 scem; fop = 6 scem dén 4 scem voi ap suét tong cong p = 2.107 torr)
thi thanh phan pha tap Nito dat dén 20,8 at%. Nhung khi d6 mang lai ¢6 cu tric TiN véi cac
vach phd (111) va (200). o

Nhu ta di biét, ming TiN dé dang duoc thanh 1ap khi nhiét dé dé T, trong phun xa
magnetron 16n hon 200°C. Vi céng trinh nay thuc hién thi nghiém véi nhiét do dé T, = 250°C,
nén khi tang Fy =0,75 thi mang d& dang chuyén sang cdu tric TiN — phé v& hoan toan chu
truc anatase cia TiO,. '

Cong trinh nay cta chung t6i nhim khic phuc nhuoc diém vira néu trén, tic dung hé
magnetron khong cin bing (khong can dbt néng dé) dé tao mang Ti0,.N, c6 cu tric tinh thé
anatase ngay ca khi E >0,75. Tir d6 dua ra mdt co ché méi vé sy pha tap N trong ming
tinh thé anatase TiO, dé thanh 1ap mang TiO,(N,.

2.THU'C NGHIEM

Mang TiO2-xNx dugc ché tao bing phuwong phap phun xa phéan img DC magnetron khong
cén béng. Bia la tdm kim loai Ti (99,95%) c6 kich thu¢c 80x80x6 mm3. Dé 1a thm thuy tinh
Corning, duoc lam sach trude khi phit mang bang plasma phong dién véi V = 103 V. Khoang
cich bia-dé 12 40mm. Ap sudt t6i han trong budng chan khéng dat 10-5 torr nho hé bom
khuéch tén dAu. Ty 1¢ 4p sut pO2/pAr luén giir khong ddi va bang 0,08 [8] . Thanh phén khi F
= pN2/pO2 dugc thay dbi tir 0 dén 5,5 (p_ap sudt riéng phin). CAu triic hé phin xa lap dit bén
trong budng chan khong dugc xép dat nhur trong hinh 1.
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Khi lam viéc 1a khi Argon (99.99%) va khi hoat tinh 13 khi oxy va nito (99.99%), ching
dugc tron lan trong binh thép khong ri theo ti 1& cho trude va duoc dua vao budng chéin khong
bang hé van kim.

Qua trinh tao mang dugc tién hanh véi ap suét téng cong tir: 6 mtorr dén 15mtorr.
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Céng sut phin xa: 120 dén 240(W).
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Hinh 2. Anh huéng cua ty 1¢ FN2 1én ndng dd nitrogen.

Bing 1. Cic mau voéi ty 1€ N, khéac nhau

TyléFno | 0 | 033 | 0.6 0.82
N at% 0 0 0.81 2215
Ti at% - | 309 |24.09 37.81

- Oath - | 63.35 | 58.68 39.78
Ca at% - | 0.16 | 2.40 0.11
S1 at% - |-5.59 [14.02 0.15

Ching t6i tién hanh ché tao cdc mau véi nhimg ty 1& FNz khac nhau sau d6 do EDX va
XRD thu dugc nhitng két qua & bang 1, hinh 2 va hinh 3. Ta nhén thdy khi ting ty 1é N2 thi
thanh phén pha tap Nito ting manh (22,15 at%) tai F =(.82. Ngoai ra, tir phd XRD ta thay
mang chwa chuyén sang chu trac TiN, cdu tric anatase chwa bi pha v&. Piéu nay dugc giai

thich 1a do ching t6i sir dung hé magnetron khong cén bang nén nhiét do dé Ts thap, c&
2000C.

Pé khao sit anh hudng cia ty 18 khi N2 1én qua trinh quang xtc tac, chung t6i tién hanh do
khé ning phdn huy MB cdc miu tng véi FNz :0; 0.33; 0.6 ; 0.88 thu duoc két qua trong bang 2

va hinh 3.

Bing 2: Anh hudng ciia FN: lén tinh quang xtc téc.

Ty 1§ F, Ung suat (Gpa) Aabs
0 -7,1 -
0,5 -9,84 0,0538
0,33 -10,8 0.12
0,6 -11,08 0,092
0,88 -11,2 0.0283
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Hinh 3: Phé XRD cta méang & nhing ty 1é N2 khac nhau

TU bang 2 ta thiy ty 1& FN2 anh hudng rit nhiéu 1én tinh quang xuc tac. Tuy nhién, trong
cong trinh nay ching t6i chi méi xéac dinh dugc khoang téi wu cia E,, trong khoang 0.33 dén
0.8. ‘ ‘

Ngoai ra, 4p sudt tong cOng cling anh huéng 1én tinh quang xic tic va dat téi vu &
13mtorr. Anh huéng ctia n6 duge cho trong bang 3.

Bang 3: Anh huéng cia ap suit tdng cong lén

finh ceang: i thic Bing 4: Anh hudng clia d§ day mang 1én tinh

quang xuc tic

Ap suit Aabs
(mtorr) D6 day Aabs
6 0,026 (nm)
7.5 0,027 _ 238 0,0585
9 0,104 397 0,0864
11 0,147 564 0,12
13 0,221 675 0,165
15 0,123 1022 0,167
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Hinh 4: Anh huéng ¢Ud do day mang

Mot yéu t6 anh huéng 1én tinh quang xic tac la do day mang, mang phai du day de kha
nang sinh cdp dién tir - 15 tréng cao, dong thoi phai di mong dé céc cap dién tir - 1 trong c6
thé di chuyén ra duoc bén ngoai va thuc hién quang xtic tic. Trong bai bdo nay ching to1 tim
dugc do day ngudng khoang 600 dén 700 nm, nhu dugc mo ta trong bang 4 va hinh 4.

Mit khéac, nhu da biét, cAu tric mang cling phu thudc vao cong suit phun xa trong qua
trinh tao mau. Pé khao sit sy phu thude vao cong sudt phun xa ching t6i ché tao cdc mau voi
cong suét 1an luot 1a 120W, 160W, 200W va 240W. Két qua XRD va tinh quang xuc tac dugc
md té trén hinh 5 va hinh 6.

Tir hinh § cho théy khi cong suét ting thi mang s& tinh thé hon. O 240W xuat hién thém
céc vach A(112), A(200), A(105) va do d6 1am tang kha nang quang xuc téc (hinh 6).
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3.KET LUAN

Biéng phuong phap phiin xa phan img D.C magnetron khéng can bang chiing t6i da pha tap
duoc nito' 22,15 at% ¢ ty 1¢ F > 0,75 . Khi d6, cu tric TiO2 vin chua bi pha v& dé chuyén
sang céu' tric TiN. Mang méng TiO2-xNx ¢6 tinh quang xc tac v6i anh sanh kha kién t6i uu
duoc ché tao ¢ ap suat 13 mtorr, cong suit 240W, do day mang tir 600nm dén 700nm va ty 1é
khi F tir0.33 dén 0.8.
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ABSTRACT: Studying about TiO;N; thin films fabricated by unbalanced DC reactive
magnelron sputtring has showed that photocatalytic effects can be appeared under visible
light. The characteristic films were tested by X-ray diffraction, UV-vis spectroscopy. Nitrogen
concentration thin films were examinated by EDX methods. The photocatalytic properties of

 thin films were represented by Methylene Blue MB degradation (C,sH,sCIN;S.3H,0 = 373,5).
The results showed that the band gap increase when N, conentration increase because of
bonding with obital 2p in TiO;..N; thin films.The studies also present a new mechanism on the
Nitrogen doped in the anatase TiO, to fabricate TiO2-xNx thin Jilms, that is perfectly different
Jrom the doped mechanism before [1,8]. Moreover, the best thin Jilms were fabricated with

such parameters: sputtering pressure 13mtorr, power 240W, film thickness from 600nm to
700nm and gds ratio N»/O» = 4 -5, 5.
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