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ANH Hl.l’f)’NG CUA sV HAP PHU Sn0, BEN TiNH CHAT CUA
'MANG NANO TINH THE TiO, CHE TAO BANG PHU'ONG PHAP
PHUN NHIET PHAN

TRAN KIM CUONG, PHAM VAN NHO -
".. MO DAU

Nano TiO, la vét liu dang duge img dung rong rdi trong nhiéu Linh vyre, dic biét 1a linh
vuc moi truong, quang dién tir va pin chuyén ddi nang lugmg mat trivi. Tuy nhién, TiO; 14 vit
ligu ban din viing ciAm rdng, nd chi bj kich thich b&i birc xa tir ngoa1 (UV) c6 budc song nho
hon 380 nm. Dic diém nay d4 han ché nhidu kha ning img dung cila vat liéu vao thuc tién.

Dé nang cao gi tri sir dung va phim.chét ciia TiO, da c6 hang loat giai phap dugc nghién
ciru ap dung. Thi du nhu pha tap cac ion kim loai chuyén tiép [1], ché tao mang da hop hai lop
ZnO/TiO; pha tap Al [2], pha tap carbon [3]... Déc biét bing viée pht mét lép don phan tir chat
mau 1én cac hat nano TiO,, Gritzel da ché tao thanh cbng pin mit trdi hoat dng & vung anh
sang kha kién [4], hodc 1a pha tap mtrogen vao TiO, c¢6 tac dung ting cudng hidu suit cia qué
trinh phéan hiy céc chét doc hai theo co ché quang xiic tac [5].

Trong cong trinh nay, chiing t6i quan tdm dén khia canh quang dn cua vat liéu nano TiO.
)(an d& 1a & chd khi hép thy 4nh sang c6 bude song A < 380 nm trong ng v6i ndng lugng ving
cdm E, = 3,2 eV thi dién tir s& nhay tir ving cam 1én trén ving dén, tré thanh cac dién tir tu do.
Day la diéu kién cin c6 dbi voi mot vét dan dién. Tuy nhién trong he vat liéu nano TiO; céc
phép do cho thay dién tr& cita miu vin & vao bic cia chét dién mdi. Néu bﬁng cach nao d6 lam
cho hé tré nén dan dién khi chiéu sang thi cuomg d6 dong dién s¢ phu thudc vao ndng do quang
dién tir & vung dan, tirc la phy thudc vao cuong do birc xa tir ngoai. N6i mot cach khac, ta sé co
mdt hé vt ligu hoat dong theo co ché cam bién tia tir ngoai. Diéu ndy mé& ra mét linh Ve ing
dung méi di v6i vit liéu nano TiO,. Vige lam cho nano TiO; trg thanh vt ll.q;u quang din duoc
chung t8i thyc hién bing cach phu trén bé mit cac hat nano tinh thé TiO, mét vat liéu cé-dé din
cao la SnO,.

II. THUC NGHIE_M

Mang nano tinh thé TiO, duge ché tao bing phuong phap phun nhigt phan Vit liéu ban
dau ia mudi TiCl, (99% — MECK) dugc pha lodng dén néng d6 0,1 M. Ong phun dung dich
duoc lam bing thuy tinh. Dung dich dugc phun bﬁng khéng khi nén & ap suét trong khoang 0,5 -
1,5 at én trén dé thay tinh day 1,2 mm d4 nung nong sin & nhiét 46 450°C. Thanh phan pha, céu
tric clia cac mang nano TlOz da ché tao dwoc khao sat bing phép phan tich gian d6 nhiéu xa tia
X (XRD). Hinh thai hoc bé mit mang danh gia qua anh chyp hién vi dién tir quét (SEM).

Qua trinh phi SnG; dqu thup hién bing cach nhing mang nano TiO, trong dung dich
SnCly.5H,0 (99% — Trung Qudc) nong d6 0,8 M trong thdi gian 20 gid. Sau d6 dé khé tyr nhién
trong khong khi rdi dwoc 1 & cac nhiét do tir 325°C dén 425°C.

Pé xac dinh céc dic trung quang dién, mang nano TiO, dugc ché tao dudi dang quang tr&
(hinh 1). Kich thuéc quang tré 13 7 x 15 mm. Khoang cach giira hai dién cyc din ~ 3 mm. Dién

125



cye din duge ché tao tr SnCl..5H,0 bing phuong phap phus,nhiét phan. Dién tré clia dién cuc
dan khoang 10™* Qm. Cac dic trimg quang dién ciia quang duge xac dinh bing cac phép do dién
trér tdi (R,) va dién tré ciia mang khi chiéu sang (R,). D9 nhay quang tré dugc danh gla bang ti s6
R/R,. Phd quang tror la ti s8 R/R, clia quang tré theo bude dnh snng 19i vao mau, dugce do
qua quang phd ké don sic (CARL ZEISS-JENA). Birc xa kmcﬁ mau dung anh sing ctia dén
halogen 12V-50W.

i
Hink 1. Chu tric clia quang trg : (1) bién cyc SnO,:F, (2) Mang nano TiO,, (3) bé thuy tinh

III. KET QUA THY'C NGHIEM

Gian db XRD cua mang nano TiO, ché tao bang phu‘orng phép phun nhiét phén dung dich
TiCl, trén hinh 2 cho thdy mang hinh thanh c6 cdu tric nano tinh thé anatase don pha vGi cic
dinh dic trung & 20 khoang 25.4°, 38.8°, 48.0°, va 55.0° tuong (g véi cac mit phéng tinh thé
(101}, (112), (200) va (211). Kich thutc hat trung binh tinh theo ¢cong thirc Scherrer 13 ~ 8 nm.
Gian d6 XRD ¢iing cho thdy mang ché tao bang phuong phap cta chiing t5i ¢ tinh tinh thé cao
v&i mit wu tién (101) tuong Gng véi cuc dai nhidu xa & goc 20 ~ 25.4°.

Anh SEM ctia mang nano TiO, ché tao bing phuong phap phun nhiét phan dung dich TgCl,
trén hinh 3 cho thiy mang hinh thanh cé céu triic xép. Do d6 cé thé thue hign viéc pha SnO, 1én
bé mit cc hat nano TiO, bang phuong phap nhing mang nano TiO; vao dung dich SnCly va 0

nhiét.

Cuong d6 (don vi tiy y)

20 (do)

Hinh 2. Gian db XRI_) ciia mang nano TiO; ché tac & nhiét do 450°C

4-{
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Hinh 3. Anh SEM cia mang nano TiO;, ché tao o nhiét 46 450°C

Bang 1. Gi4 tri ca ti s6 R /R, ciia mang nano TiO, phu thugc vao théi gian va nhiét d§ U sau

khi tAm dung dich SnCl,..
Thri gian i Ti s6 (R/R,) & c4c nhiét 46 0

4 (phat) 325°C 350°C 375°C 400°C 425°C
2 20 30 107 248 122

4 78 99 133 267 | 218

6 138 154 169 327 | 265

8 183 258 207 354 | 140

10 212 367 267 24 | 87

12 246 520 392 98 17

14 290 547 286 21 7

16 328 382 218 7 " a4

i 18 309 262 190 3 .2
20 247 195 147 2 1,5

22 200 127 108 1,5 1,2

24 150 96 86 1,3 1,1

Cac ké} qua xac dinh anh hudng cia nhiét d§ va thoi gian O 1én dQ nhay quang tr¢ ciia cac
mang da che tao duoc trinh bay trong bang 1. Mang nano TiO, sau khi tam dung dich SnCl, va 0
nhiét da tr& nén dan dién khi duge chiéu sang kich thich, Dién ted téi;»dién tré-sang va ti so R/R;
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clia cdc mang thu duge phy thuge manh vao thyi gian va nhigt: ﬂﬁ O mbi nhiét d6 u xac dinh,
ti so R/R, tang theo thdi gian 1, dat cye dai va sau 46 glam xtidiag { hinh 4). Sy phy thudc cia ti
s6 R/R, vao nhigt &3 0 ciing cé gia trj cyc dai nhu biéu din’ o hiah s,

0 5 10 15 20 25
‘4 t {(phat)

Hinh 4. Anh hudng cua thoi gian 1 [én 46 nhay quang ciia mang nano TiO, sau khi tAm
. dung dich SnCL,.va i ¢ nhiét d 350°C.
_ Gia trj t&i wu cho qua trinh 0 nhiét mang nano TiO, tim SnCl, dé dat dwoc hiéu émg quang
dén cuc dai la: Nhiét d§ 0 350°C. Thai gian u 1a 14 phat.
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Hinh 3. Sy phy thudc cla cic cuc dgi d6 nhay quang vao nhiét d6 i ciia cdc miu mang
TiO; sau khi tdm dung dich SnCl,.va u nhiét
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Céc két quéa thyc nghiém do phO nhay quang clia cac mang quang tr& cho thdy ching chi
nhay VG’l birc xa UV. Hinh 6 biéu dlen pho quang trd cia mau tiéu biéu u & nhiét d6 350°C dbi
v&i miu c¢6 d6 nhay quang tr& cao nhit.

300 400 : 500 600_ 700 800
Buwdrc séng (ﬁm)

Hinh 6. Phd nhay quang ctia mang quang trd & nhiét d6 i 350°C

IV. THAO LUAN

TiO, 14 ban dan viing cam rdng (3,2 eV), vi viy & diéu kién binh thudng hau nhu khéng co
hat tai ty do trong ving dén. Gian dd chuyén mirc niang luong ciia TiO; khi dugc chiéu sang
bing biic xa UV biéu dién trén hinh 7a. Mang vit liéu vin khéng din di¢n méic du da co cic
electron trén ving dén. Diéu nay ta do trong hé vét liéu ban din viing cdm rdng voi cdu trac hat
nano co khuynh hudng tao ra rao thé cao trén bién hat, ngin can sy dich chhyéh ciia céc electron
dugc kich thich giira c4c hat. Vi vy khong ¢é dong quang dién qua miu dudi tic dung cua dién
trudmg ngoai (hinh 7b). Céc két qua da céng bd cho thiy phuong phap nhiét phan ché tao mang
tir hén hop dung dich cac mudi TiCl, va SnCl, [8], hay bing phuong phép nhiét phin xen k& tir
cac dung dich mudi thanh phin [9] déu hinh thinh mang véi hai pha TiO, va SnO, doc lap,
khéng tén tai pha oxyt ba thanh phéan dang Ti — Sn — O. $n0O, la vit li¢u duge sir dung dé ché tao
dign cuc cho cac linh kign quang dién. Déy la ban din suy bién loai n v&i d6,dan rit cao. TiO,
ciing 13 ban din loai n nén khi SnO, hinh thanh trén bé& mat cia cé4c hat nano; nd lim giam rao
thé trén bién hat. Vi vay cac electron dugce kich thich trong TiO, dé dang‘dich chuyén giira cac
hat tao thanh dong quang dién dudi tic dung cua dién trudng ngoai (hinh 7c). Nhu vay su xuét
hién hi¢u ving quang dén ctia mang nano TiO, lién quan dén tinh chit ctia lép SnO; duge tao
thanh tir két qua & nhiét hop chét SnCl, hip phy trén b& mat cac hat nano TiO,. Céc cong trinh
ché tao SnO, tir SnCl, bing phuong phap phun nhiét phéan cho thiy dién tr& ctia SnO, phu thudc
vao nhiét d3 va thoi gian ché tao [10] gibng nhy d4 nhén dugc dbi véi hidu img quang din cia
cong trinh nay. Hiéu trng quang din dvoc tao thanh tir cac dién tir dugce kich thich cia vat liéu
TiQ,, vi vy hiéu img quang dan chi xay ra véi anh sang tir ngoai nhwr da thay tir két qua thuc
nghiém.

L 4
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b) Rao thé bién hat giita hai hat nano TiO;,

¢) Nano TiO, véi SnO, hip phu trén bién hat

Hinh 7. M hinh co ché quang dan cua mang nano TiO,

V. KET LUAN

‘Biing cich tiny mang nano TiO, trong dung dich SnCl, va i & nhiét d§ va thoi gian thich
hop, dd tao duge mang nano TiO; ¢6 tinh quang dan manh d6i véi tia tr ngoai .
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Co ché chia hién twgng nay Ia do 16p SnO, dugc hinh thanh tir SnCl, hip phu trén bé mit

céc hat nano TiO, d3 lam giam rao thé bién hat. Nho vay cac dién tir duge kich thich c6 thé dich
chuyén giira cic hat nano TiO; vh 1am xuat hién qud trinh quang dén trong mang.

- Két qua ndy c6 thé (g dung dé phét trién huéng nghién ciru néng cao d6 nhay quang cia
vét liéu nano TiO, béng phuong phap tim va nhiét phin, m& réng kha ning (mg dung cua né
trong c4c linh vuc méi trudmg, quang xiic téc va pin mit troi chuyén d6i ning luong,

Vi phuong phap ché tao don gian tir céc vét lidu thong dung va ré tién, co thé img dung dé

ché tao cac sensor quang dién & qui md céng nghiép véi gia thanh ha.
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H

‘SUMMARY

THE INFLUENCE OF SnO, ADSORPTION ON THE CHARACTERISTICS OF TiO;
NANO CRYSTALLINE FILMS PREPARED BY USING A SPRAY PYROLYSIS

The TiO; nanocrystalline films were prepared by using a spray pyrolysis on the glass

substrates preheated at temperature of 450°C from TiCl, solutions. The phase composition and
grain size of the obtained films were examined by XRD, and surface morphology - by SEM.
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After that prepared films were soaked in the SnCl, solutions for 20 hours and followed anneali
in order to form a SnO, layer on the surfaces of TiO» nano particles. The photoconducti
characteristics of as-prepared TiO, films were examined by measuring photoresistance unc
illumination of the halogen lamps. It was found that, photoconductivity of the TiO, fil
strongly depend on the annealing conditions, especially on the temperature and periods of tin
Our btained results were discussed and their application was also proposed.

Dai chi: ' Nhdn bai ngay 22 thang 1 ndm 20,
Trin Kim Cuong, Trudng Dai hoc Pa Lat. '
Trn Vin Nho, Truong Dai hoc Bach khoa Ha Néi.
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