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TOM TAT

Bii bdo ndy trinh bay két qua tdng hop vat ligu TiO, nano dang sgi bing phuong phap thiy
nhiét tir b6t TiO, thuong mai. Anh hudng cia ndng ¢6 NaOH, nhiét d6 phan {mg va thdi gian
thity nhiét dén hinh théi cia san phﬁm d3 duoc khdo sat. Vi ndng d6 NaOH 10M, nhiét do thiry
nhiét 180°C, thdi gian phan mg 24 gid, nhiét d6 nung 600 °C, san phim TiO, thu duge & dang
soi kha d@)ng déu véi duwomg kinh 20 ~ 25 nm, chidu dai khoang 250 — 300 nm, thanh phin pha
tinh thé chi yéu & dang anatase. V4t liéu TiO, nano dang sgi c6 hogt tinh quang xuc tic t6t ddi
v6i phan tmg phan hity xanh metylen. P§ chuyén héa xanh metylen khi chiéu céc birc xa khéc
nhau giam dan theo thir ty: tir ngoai (UV) > anh sang mit troi (UV-Vis) > dén Halogen.

Tir khéa: titandioxit, soi nano, thiiy nhiét, phwong phap kiém.

1. MO PAU

Vit liéu nano TiO, dugc sir dyng rdng rdi trong céc linh vyre: xtic tac quang héa, vit ligu ty
13m sach, pin ning lugng mat trési, sensor khi,... [1, 2, 3]. P4c biét, nano TiO, & dang anatase c6
hoat tinh quang xtc tic manh. Vi céc phuong phép tdng hop khéc nhau, vat liéu nano TiO, thu
duge s& khac nhau vé kich thuéc va hinh théi (morphology) nhu dang hat cdu, dang sei, dang
que, dang Sng... Dudi tde dong cla tia tir ngoai, v4t liéu nano TiO; tao ra cdc tdc nhin oxy hoa
manh nhu géc *OH, H,0,... Nhir 46, TiO, ¢6 thé phan hity c4c hop chét hitu co, khi thai déc
hai, vi khuén, réu méc bam trén bé mit vat ligu thanh CO,, H;0...[1].

Viée didu ché nano TiO; tir TiCl, [4], céc titanium alkoxide [5,6] d3 dugc cong bd. San
phém thu dugc cé cAp hat ddng déu, kich thuée hat c& nano mét, c6 kha ning lam mét mau xanh
metylen, metyl do, oxi héa dugc phenol thanh CO, va H,0, Tuy nhién, do céc nguyén ligu dhu
rét dht tién d& han ché kha néing img dyng cia san phim trong thye té. Viéc téng hop nano TiO;
tir bot titania thuong mai cé gia thanh ré hon nhiéu so véi TiCly, titanium alkoxide... dugc céc
nha khoa hoc quan tam.

Trong bai béo ndy, ching t4i trinh bay nhing két qua nghién ciru téng hop vt liéu nano
TiO, tir bt titania thwong mai bing phwong phap thiy nhiét trong méi truomg kiem va khao sat
kha ning xiic tdc quang hoa cba vat li¢u thu dugc théng qua qud trinh phén hiry xanh metylen.
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2. THY'C NGHIEM

Vit liéu nano TiO; duge didu ché tir bt titania thwong mai (anatase > 99%, Merck).
Phuong phap tdng hop nhur sau: cén 2,00g TiO, cho vao binh Teflon chira 100 ml dung djch
NaOH c6 ndng d6 xac dinh, khudy déu, sau d6 cho binh teflon chita m&u vio autoclave, tién
hanh thity nhigt trong khoang nhiét 46 tir 120 - 180 °C, th&i gian thily nhiét tir 12 - 24 gid. Hon
hop sau thity nhiét duge dé ngudi tir tir dén nhiét do phong. Rira gan san phim nhidu 14n bin
nude cit dé logi bo bét lwgng NaOH du. Loc 1dy két tua, cho vao dung djch HCI 0,001 M &
trung hda, ti€p tyc rira két tia bing nudc cht dén mai trudng trung tinh. San phdm dugc phén tén
vao dung mdi etanol, rung si€u 4m trong 15 phit, sau d6 loc va sdy khé & 80 °C trong S gidr. San
phim duge nung tao pha anatase trong khoang nhiét dd tir 450 — 600 °C.

Thanh phén pha tinh thé ctia sin phim duge x4c dinh bing nhidu xa tia X (XRD) trén thibt
bj D5005 (Siemens, Pirc) véi bire xa CuK, (A = 1,5406 A). Hinh thdi cia hat duge quan sat
béng hién vi dién tir quét (SEM) JSM Jeol 5410LV (Nht Ban). Hoat tinh xiic tdc quang héa clia
vét liéu duge khao sét qua qué trinh phén hiiy xanh metylen trong didu kién c6 chi%u birc xa UV
(cOng suit dén 20 W), birc xa dén halogen (500 W) va birc xa miit trdi. D6 hép thy ctia dung dich
nghién ctru duge do trén thiét bj T8O UV/VIS Spectrometer & budc séng 665 nm. P chuyén

- (AD, - AD). 100
hda (W) xanh metylen duge tinh theo cong thirc: W = AD, , v&i ADg, AD lan luot 12
d5 hap thy ciia dung dich xanh metylen ban dau va sau khi chiéu xa.

3. KET QUA VA THAO LUAN
3.1, Céc yéu t6 anh hwdng dén hinh théi cia vt Ligu

Dé nghién ctru dnh hudng clia ndng 46 NaOH dén hinh thai ciia vat liéu, chiing tdi chuin bj
03 miu khao sat déu chira 2,00 g bét TiO,. Lan lwot thém vao m3i miu 100 m! dung dich NaOH
5M, 10 M va 15 M, miu dugc ky hiéu twong tmg T-SM, T-10 M va T-15M., Tién hanh thiy
nhiét & 180°C trong thdi gian 24 giy. MAu sau khi thiry nhiét duge loc, rira, sy kho va nung &
600°C trong 1 gid. Anh SEM ciia cac méu T-5M, T-10 M va T-15M duge trinh bay & hinh 1.

Hinh 1. Anh SEM ciia cdc mu TiO, tdng hop & cic ndng ¢ NaOH khac nhau

Hinh thai va c4p hat san phim cilia cdc miu T-5M, T-10M va T-15M hodn toan khéc nhau.
V6i miu T-5M, san phim ton tai & dang hat hinh céu, kich thuéc hat khoang 100 nm, hat c6 xu
huéng két ty lai thanh ddm. MAu T-10M, hinh théi clia san hédm TiO, ¢6 dang soi voi dudmg
kinh khoang 25 ~ 30 nm, chiéu dai khoang 250 - 300 nm xép dan xen 14n nhau kha ddng déu.
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V&i mu T-15M, céc hat TiO; kich thude khoang vai trim nanomet két ty thanh timg d4m, phan
bb khong dbng déu.

Pé khéo sat anh hudng cla nhiét d6 thuy nhiét dén hinh théi san phdm, ching t6i chudn bj
03 miu, m3i mAu chira 2,00 g bot TiO,, 100ml dung dijch NaOH 10 M. Tién hanh thuy nhiét
trong autoclave lan lugt & cdc nhiét 46 120 °C, 150 °C, 180 °C trong thdi gian 24 gid, mu dugc
ki hiéu twong mg la T-120, T-150 va T-180. Anh SEM cia cic mau T-120, T-150 va T-180
dugce trinh bdy & hinh 2. Khi ting din nhiét d6 thiy nhiét, hinh thai cia san phdm thay dbi tir
dang hat sang dang s¢i khé r3 rang. Véi miu T-120, san phim tdn tai & dang hat véi kich thuéc
khoang 100nm két tu lai thanh timg d4m, mét sé hat bat diu hinh thanh dang 8ng ngn. V&i miu
T-150, hinh thai ciia sin phdm tdn tai & dang s¢i kha rd rang, tuy nhién vin con mét lugng khé
16n & dang hat. Véi mau T-180, san phim tdn tai chi yéu & dang soi.

[ L I L e o |

Hinh 2. Anh SEM ciia cdc mAu TiO, tdng hop & c4e nhiét d5 thiy nhiét khéc nhau

Pé khao sat anh hudng ciia thdi gian thity nhiét dén hinh thai cia vét liéu, ching tdi chudn
bi 03 méu khao sét, mdi mau chira 2,00 g bét TiO, va 100 ml dung dich NaOH 10 M. Hdn hop
duge khudy déu, tién hanh thiy nhiét & nhiét d6 180°C, thdi gian thiy nhiét duge khao sét 1an
luot 12 gids, 18 gid, 24 gid, mau duge ki hidu twong (ng 1a T-12H, T-18H va T-24H. Anh SEM
ctia cdc miu tdng hop & céc thdi gian thiy nhiét khac nhau dugc trinh bay & hinh 3.

Hinh 3. Anh SEM ciia ¢4c miu tdng hop voi céc thdi gian thity nhiét khéc nhau

M3u T-12H, san phdm ton tai & dang sgi, kich thudc khong ddng déu, d9 dai khéc nhau.
Khi ting thoi gian thuy nhi§t 18n 18 va 24 gi¢ (T-18H va T-24H), d§ dai céc sgi nano tang lén,
kich thudc ddng ddu hon.

C6 nhidu quan diém giai thich co ché hinh thanh cia éng nano TiO; khi thity nhiét bét TiO,
trong mdi truomg kidm. Theo Wang va cdng s [7], cdc 6ng nano dugc hinh thanh trude hét 1a
do sy phan cit c4c lién két Ti-O-Ti giita céc khi bt dién trong tinh thé TiO, bing NaOH. Sau
d6, céc bat dién nay tyr lién két va sap xép lai v6i nhau dé bdo hoa céc lién két du bj dat theo 2
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hudng, mot 13 theo huéng (100) tao cu trac zic-zéc, hai 1a theo hudng (001) tao céc tm mong.
Céc tAm mong c6 khuynh huéng cudn lai véi nhau tao ra cdc dng nano TiO, nhdm muc dich
dam béo cac lién két, giam dién tich bé mat trén cing mot don vj thé tich va thudn lgi vé mit
néng lvgng. Theo Kasuga va cdng sy [2], éng nano TiO; duge hinh thanh & giai doan rira axit
logng va nudc cat. Qué trinh hinh thanh nano TiO, dang 6ng nhu sau: khi bot TiQ, thity nhiét
véi dung dich NaOH, mdt vai lién két Ti-O-Ti bj b& gy tao lién két Ti-O-Na, Ti-OH. Céc lién
két m&i Ti-O-Ti do c4c lién két Ti-O-Na, Ti-OH phan tmg véi dung djch HCI va nude cat hinh
thanh. Lién két Ti-OH c6 thé tao nén dang tm. Céc lién két Ti-O-Ti hogc cAc lién két Ti-O...H-
O-Ti duge sinh ra nhd qua trinh hydrat héa céc lién két Ti-OH trong dung dich HCl. Khoang
cach Ti-Ti trén bé mat nguyén tir giam, két qua cac tAm cudn lai va hinh thanh céu tric éng.

3.2. Diic trung cia sdn phim

D& khao sat anh hudng cia nhiét do nung dén qua trinh tao pha anatase, chiing t6i tién hanh
nung san phim & c4c nhiét d6 450°C va 600°C, (ki higu twong tng la T-450, T-600). Mu khéng
nung duge ki hidu 13 TKN. Gian 43 XRD ciia cc mu dugc trinh bay & hinh 4, Két qué cho thdy
thanh phin pha chi yéu ciia cdc miu 14 & dang v6 dinh hinh hojc vi tinh thé. Didu nay 14 phi
hop boi san phim thu dwge c6 kich thude rat bé nén sy phan b dién tir trén cdc mit tinh thé
khong nhidu, Khi ting nhiét d6 nung thi trén gian dd nhiéu xa tia X c6 cac pic nhifu xa dc trung
clia anatase. Tuy nhién cudng dd pic khong 16n, cudng dd pic tang tir miu T-450 dén T-600.
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Hink 4. Gian dd XRD cdc miu TiO,nung dcdc  Hink 5. M6i quan hé giita ap sudt twong d6i (p/p°)
nhiét 36 khéc nhau va thé tich khi hdp phu V,

Dién tich b& mat va 4o x8p ciia vat lidu nano TiO, dugc x4c dinh bing phuong phap déing
nhiét hip phy - khir hép phy N; & 77 K. Két qua dugc trinh bay & hinh 5. Dién tich bé mat BET
ctia mAu 1& 71 m¥/g. Pudng déng nhiét hap phy - khir hip phu N, ctia miu TiO, thuge loai IV dic
trung cho vét lidu mao quan trung binh, mao quan nay c6 dang hinh khe va 1 mao quan giita céc
soi nano TiO,.

3.3, Hoat tinh quang xiic tic ciia vt li¢u nano TiO,
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Pé khéo sat hoat tinh quang x(ic tic ciia vat lidu TiO, tdng hop, ching tdi chuén bj mot day
mAu khéo sat, m8i m&u chira 100 ml dung djch xanh metylen c6 nong d 13 2,5 mg/l. Thém vio
mbi mdu 10mg bdt TiO, nano. Tién hanh chiéu cac loai birc xa khac nhau: dén UV, 4nh sdng
m3t trdi va dén halogen. Thai gian chiéu birc xa tir 10 - 40 phat. M&u sau khi chiéu xa duge
quay ly tdm véi tbe d6 3000 vong/phit dé tach bo phan chat rin. DO hép thy cia dung dich duge
ghi trong viing bude sdng tir 500 - 800 nm.

Phd UV-Vis cia cédc mu khéo st sau khi chiéu birc xa UV, 4nh sdng mit trdi va dén
halogen trong céc khodng th&i gian khée nhau dugc trinh bdy & hinh 6. DS chuyén héa xanh
metylen ciia TiO, nano sau khi chiéu c4c ngudn birc xa khéc nhau dugc trinh bay & bang 1.

Khi chiéu birc xa UV, @3 hip thy cta dung dich xanh metylen gidm rét manh sau thdi gian
10 phit, 46 chuyén héa xanh metylen dat 70 %. Trong khi d6 v&i birc xa mit trdi va dén
halogen, 46 chuyén héa thip hon, dat twong tng 1a 45 % va 29 %. Khi tang thoi gian chiéu tir 10
+ 40 phitt thi 46 hép thy cla dung dich giam chdm hon so véi thoi gian ddu. MAu sau khi chiéu
birc xa UV 40 phat, ¢ hdp thy gin nhu bing 0, dung dich hdu nhu trong suét, d6 chuyén héa
xanh metylen dat trén 94 %, dung djch xanh metylen d& bj oxy héa thanh cac chét khac, Nhu
vy, vét liéu TiO; nano tdng hop duge ¢b hoat tinh quang hda 6t dudi &nh séng tir ngoai.
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Hinh 6. Phd UV-Vis ciia dung djch xanh metylen sau khi chiéu dén UV (aj, dnh sdng mat troi (b)
: va dén halogen (c)

Béng 1. D§ chuyén héa xanh metylen ciia TiO, nano sau khi chiéu c4c ngudn birc xa khéc nhau

bén UV Anh séng mit troi Pén halogen
Thei gian
(i) | ki hieu mu Blfé‘;h(‘f,ﬁ" K{ hiéu mfiu f’l?é;h(‘,‘,ﬁ“ KI higu méu Dl?é‘;h(‘f,};f“
10 MI0UV 669 | MIOUV-Vis | 454 M10Hal 28,8
20 M20UV 81,0 | M20UV-Vis | 655 M20Hal 40,1
30 M30UV 887 | M30UV-Vis | 759 M30Hal 50,7
40 M4OUV 943 | MAOUV-Vis | 873 M40Hal 759

Tir két qua thu dugc, ching toi nhan thiy cing mot chét xic tic TiO, nano tong hop duge
va thdi gian xir i nhw nhau, khi sir dung ngudn chiéu xa 12 4nh sang mat trdsi thi tdc 49 phan hiy
xanh metylen nhanh hon khi sir dung 4nh sang dén halogen. Diéu nay theo ching tbi 1a do trong
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énh sang mit troi ty nhién c6 khodng 5 % tia tir ngogi. Tia tir ngoai c6 bude séng ngén tuong
(mg véi ndng lugng cao nén c6 kha ndng phén hiy xanh metylen nhanh hon dén halogen.

4. KET LUAN

Vit liéu TiO, nano dang éng duge tdng hop tir bt TiO, thuong mai bing phuong phép
thily nhiét trong didu kién ndng 46 NaOH 10M, nhiét do thiy nhiét 180° C trong 24 gio, san
phim ton tai & dang soi kha dong ddu, do phén tdn cao, dudng kinh s¢i khodng 20 — 25 nm,
chiéu dai khoang 250 — 300 nm. Vit liéu tdng hop duge c6 hoat tinh quang xtc tic tét dbi véi
phan (g phén hity xanh metylen trong didu kién c6 chiéu 4nh sang tir ngoai (UV), 4nh sdng dén
halogen va 4nh sing mit trdi (UV-Vis). D6 chuyén héa xanh metylen khi chiéu cée birc xa khéc
nhau gidm dén theo thir ty UV > UV-Vis > Halogen.
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ABSTRACT

STUDY ON THE SYNTHESIS OF NANORODS TiO; FROM COMMERCIAL TiO, BY
ALKALINE PROCCESS

Tran Minh Ngoc®, Tran Ngoc Tuyen, Vu Thuan Trung
Chemistry Department, Hue University of Sciences
"Email: tmngoc@hueuni.edu.vn
In this paper, the synthesis of nanorods titanium oxide from commercial titanium oxide by

thermal hydrolysis method was investigated. The influences of sodium hydroxide concentration,
the temperature and the duration time of thermal hydrolysis reaction on the formation of nano
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titanium oxide were studied in which the suitable conditions were the NaOH of 10 M, the
temperature of 180 °C and the reaction time of 24 hours. To characterize the obtained TiO,,
XRD and SEM methods were employed. The results showed that its morphology consisted of
uniform nanorods with 20 - 25 nm in diameter and 250 - 300 nm in length, the anatase phase
was dominant. The obtained nano titania exhibited an excellent photo-catalytic activity for
methylene blue oxidation under UV radiation.

Keywords: titanium dioxide, nanorod, thermal hydrolysis, alkaline proccess.
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