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TOM TAT

Nano TiO, dang é6ng dwoc tdng hop tir TiO, thwong mai bang phwong phap thiy nhiét
tir huyén phu TiO, thwong mai trong NaOH dam dac 1an dau tién duoc tdng hop thanh cong tai
trwdng Dai hoc Bach khoa — Dai hoc Ba N8ng. San phdm thu dwoc cé cu tric dang nano éng
ddng nhét. C4c tinh chéat d&c trung cla TiO, nanotubes (TNT) dwoc danh gia bang cac phuong
phap héa ly hién dai: nhidu xa tia X (XRD), hap phu déng nhiét N, & 77K va xac dinh bé mét
riéng theo ly thuyét BET, kinh hién vi dién t& quét (SEM), va kinh hién vi dién t& truyén qua
(TEM) cho thdy TNTs ¢6 cdu tric chi yéu |a pha anatase, cé bé mat riéng dwoc tang cuwong va
I&n gép khodng 8,5 1an so v&i TiO, nguyén liéu ban dau, cAu tric cia TNT dang 6ng véi dwdng
kinh c6 kich thwéc nano va ddng nhat c& 7nm. Hoat tinh quang héa cta TNT duoc ting 1én
nhiéu 1an va dwoc kiém chirng béng qua trinh khir Iwu huynh sau nhién liéu diesel.

ABSTRACT

TiO, nanotubes have been successfully synthesized via a hydrothermal synthesis, from the
suspension of commercial TiO, in concentrated sodium solution at Da Nang University of
technology. The obtained products have the structure of homogenous nano-tubular form. The
synthesized TiO, nanotubes have been characterized by the modern physicochemical techniques
such as X ray diffraction (XRD), N, adsorption — desorption isotherm measurements using the BET
theory for determining the specific area surface, scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). This physicochemical characterization proves that TiO,
nanotubes (TNT) is essentially formed by the anatase phase, very high specific area surface, 8.5
times higher than the commercial TiO,, with the diameter of about 7 nm. The photo-catalytic activity
of our TiO, nanotubes has been well enhanced and confirmed by deep desulfurization of diesel.

1. Giéi thi¢u

Vit lidu Titandioxide c6 céu triic nano dng — TiO, nanotubes (TNT) di va dang
dugc nhiéu nha khoa hoc quan tdm nho vao kha nang ing dung da dang ciia n6 trong
nhiéu linh vuc nhu: té bao quang dién mat tr(‘)’i[l'3], cam bién khi[4'5], pin nhién liu, céc
thiét bi quang dién, xtc tic quang hoa, cong nghé tu 1am sach'®), quang dién phan nudc
tao hydrol”)... Trong nhiing nim gan day vat liéu TiO, c6 ciu trac nano nhu nano soi,
nano dng, nano thanh dugc tong hop thanh cong. Trong d6 TNT véi nhitng wu diém nhu
bé mit riéng 16n, ciu trac dang dng, c6 kha nang trao doi ion va kha nang quang hoa rét
thudn lgi cho cac phan tng™®.
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Hién nay co cic phuong phép tong hop nano TiO, éng nhu: Oxy hoa bing
phuong phap dién hoa trén dién cuc anot, phuong phép sir dung hop chét tao ciu tric,
phuong phép thuy nhiét... Dua trén cac danh gia tong quan vé yéu té san xut, tinh chit,
co ché phan tng va cac (mg dung tuong tng cua nano TiO, dng thuc hién boi cac
phuong phap trén so v&i phuong phap thuy nhiét, hoac 1a khong thich hop véi quy mo
16n, hoic 14 hiéu qua tach, két tinh cac dng nano thap'”. Vi nhitng vu diém nhu chi phi
hiéu qua, dé dang tao dugc cac 6ng TiO; nano va tinh kha thi, kha dung rong rai...
chung t6i da Iya chon phwong phap thuy nhiét va di téng hop thanh cong nano TiO,
dang dng c6 pha tinh thé chu yéu 1a anatase tir ngudn TiO, thuong mai dang bot, sdn co
trén thi truong Viét Nam. Nano TiO, 6ng véi duong kinh ddng nhét co kich thudc
khoang 7nm dugc tong hop bang phuong phap thiy nhiét va qua qué trinh xt 1y trao dbi
ion, sau d6 nung & nhiét do cao. Hoat tinh quang hoéa cia nano TiO; éng sé€ duoc kiém
tra bang kha nang khir luu huynh trong dau Diesel.

Trong pham vi bai béo nay, chiing t6i s& trinh bay cac két qua cia viéc tong hop
tor nano TiO, dang éng tr TiO, thuong mai, la nguén nguyén li¢u dé kiém, khong doc
hai va ré tién, 1an dau tién duoc thyuc hién thanh cong tai truong DPai hoc Béach khoa, Pai
hoc Pa Nang.

2. Thuwe nghiém
2.1 Tong hop nano TiO; dang ong tiv TiO, thuwong mai

Nano TiO, dang 6ng dugc téng hop tir nguyén liéu ban dau 1a bot TiO,, mot san
pham thuong mai (d6 tinh khiét 99,4%), kich thudc hat trung binh khoang 0,13pm duoc
cung cap trén thi truong boi cong ty TNHH ROHA Dyechem Viét Nam, duogc sir dung
tryc tiép khong qua bt ky qua trinh xtr 1y nao. Qua trinh téng hop theo phuong phap
thity nhiét di dugc tién hanh nhu sau: Bot TiO, thuong mai dugc phén tan trong dung
dich NaOH d4m dic bang may khudy tir trong 1 h, huyén phil nay sau d6 dugc chuyén
sang thiét bi Autoclave vai 16p 16t bang Teflon. Qué trinh tong hop thily nhiét dugc tién
hanh trong khoang nhiét d6 tir 130 — 180°C voi thoi gian tong hop tir 12 — 36h. Ti 1¢
mol TiO, :NaOH 1a 1:20 — 1:30. Két thiic qua trinh thay nhiét, chat rin trong Autoclave
duoc loc, rira sach bang nudc cat rdi ngdm trong dung dich axit HCI lodng trong 1 gid.
Sau d0, san pham duoc rira lai bang nude cit cho dén pH trung tinh. Sau dé, duoc siy
kho & 100 °C rdi nung trong khong khi tai nhiét do 500°C trong 2h.

2.2 Cac phwong phap danh gia dac trung

San pham thu dugc dugc danh gia dic trung bang cac phuwong phap hoa 1y hién
dai: nhiéu xa tia X (XRD), h?ip phu drfmg nhiét N, & 77K va xéac dinh bé mit riéng theo
ly thuyét BET, hinh thai ciia san pham dugc chimg minh bang hién vi dién tir quét
(SEM) va hién vi dién tir truyén qua (TEM). Gidn d6 nhiu xa tia X duoc ghi lai trong
goc quét 20 tir 10 — 80° nho may D8 advance cua hang Bruker, sit dung su phat xa Cu
Kal (A =0,16 A) 1a nguén phat xa tia X, thiét bi duge trang bi mot dau do phan tan
ning luong SOL — XE. San phdm dugc nghién ctru hip phu ding nhiét N, & 77K trén
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thiét bi chuyén dung Model BET 201A va xac dinh bé mait riéng theo 1y thuyét BET.
Anh hién vi dién tor quét (SEM) duoc thyc hién nho thiét bi SEM S — 4 800 ciia hing
Hitachi. Anh hién vi dién tir truyén qua dugc quan sat nhd thiét bi JEOL JEM — 1010
(80 kV), trong k¥ thuat nay mau duoc phan tan trong ethanol nho séng siéu 4m va sau
d6 chuyén 1én mot ludi bang dong co phu cacbon.

2.3. Kiém tra hoat tinh quang héa ciia nano TiO, dang dng bing cich xir Iy luwu
huynh trong dau diesel

Diesel thuong mai (DO 2500) sau khi mua vé duoc xtr 1y bang hap phu qua cot
silicagel dé loai bo cac hop chit gdy mau va cac hop chit chira luu huynh di bi 6-xy hoa
trong qué trinh luu trit va van chuyén (Sulfoxide va sulfone). Ham lwong luu huynh con
lai sau khi hap phu so bo 1a 807 ppm. Nhién liéu Diesel nay sau d6 duogc xtr Iy bang TiO,
thwong mai va nano TiO, dng (1g xtc tac cho 100 ml dau diesel) dudi tic dung cia birc
xa tir dén cao ap hoi thuy ngn (OSRAM 250W) duoc sir dung nhu mot ngudn phat
quang phd mit troi (Anh sang tring). Mau duogc iy ra tuan tu tir thiét bi phan Gng theo
thoi gian 20, 40, 60, 80, 100 va 120 phat dugc ly tim dé tach xuc tac va dem di hdp phu
Sulfone bang silicagel trudce khi dem xac dinh ham lwong luu huynh bing phuong phép
huynh quang tia X (XRF) trén may TS — 100V cua hing MITSHUBISHI. So d6 hé
thong thiét bi dé 6-xy héa quang hoa va hip phu luu huynh duoc trinh bay trén hinh 1.

Hinh 1. Thiét b phan vmg quang héa va hdp phy leu huynh trong nhién liéu diesel

3. Két qua va bién luan

3.1. Két qud vé hinh thdi ciu tric ciia TiO; nanotubes tong hop tiv TiO; thwong mai
dang hat

San pham TiO, nanotube dugc thu anh trén kinh hién vi dién tir truyén qua
(TEM) va kinh hién vi dién tir quét (SEM). Anh thu dugc duoc so sanh véi ciu trac cia
nguyén liéu bot TiO,. Két qua cua cac nghién cru nay duoc trinh bay trén hinh 2 va
hinh 3 cho thay ring nguyén liéu TiO, thuong mai c6 dang bt ban dau véi kich thude
micro di chuyén héa hoan toan thanh TiO, nanotubes dang 6ng v6i dudng kinh 6n dinh
trong khoang 7 va hoan toan khéng tim thdy cac cdu truc khac trong san phdm TiO,
nanotubes.
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Hinh2. Anh thu dwoc tir kinh hién vi dién ti truyén qua (TEM) ciia TiO; thuwong mai (a) va TiO, nanotubes (b)

e

e

Hinh 3. Anh thu duwoc tir kinh hién vi dién tir quét (SEM) cia TiO, thuong mai (c) va TiO, nanotubes (d)

Céu trc pha ctia san pham nano TiO, dang éng duoc khang dinh bang phuong phap
nhiéu xa tia X (XRD) ¢6 cdu tric chii yéu 13 pha annatase, pha c6 hoat tinh quang hoa cao ciia
TiO,. Két qua nghién ctru bang XRD ciia nguyén liéu va san phdm cta qua trinh tong hop
thuy nhiét dugc trinh bay trén hinh 4 cho théy cAu trac pha cta TiO, dugc bao toan. Tin hi¢u
nhidu xa trén san phim nano TiO, dng c6 d6 phan giai nho hon 14 hoan toan phu hop véi két
qua da duoc xac nhan nhu khi nghién ctiru bang kinh hién vi dién tir, mot lan nita khing dinh
cAu tric nano ctia san pham TiO, thu duoc bang phuong phép thiy nhiét.

Anatase, syn Anatase, syn

(a) : (b)
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Hinh 4. Két qua nhiéu xq tia X (XRD) ciia TiO, thuwong mai (a) va nano TiO, 0”'ng (b)
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Bé mit riéng ciia nguyén liéu TiO, thuong mai va nano TiO, dng tong hop dugc xéc
dinh bang phuong phap hip phu déng nhiét N, & 77K va dugc so sanh va trinh bay trén hinh 5.

Su Report
b Summary Report

TiOz 1 Surface Area TiO2 nanotubes

rface A
Single peint surface area at p/p®= (.249548704: 9.4 542 mig Suriess Arva

Single point surface area af pip*= 0.248446228: 78. 2809 m¥g

. N
BET Surface Area: 9.6273 milg BET Surface Avea: B0.4428 mig

Lengmuir Surface Area: 13.9154 m/g Langmuir Surface Area: 117.4324 miig

" f 404 "
t-Plot Micropore Area: 1.0193 mig t-Plot Micropore Area: 0.8090 m¥g

t-Piot External Surface Area: 8.6080 mig 1-Piot External Surface Area: 79.6338 mlg

BJH Adsorption cumulative surface area of pores BJH Adsorption cumulative surface area of pores

between 1.7000 nm and 300.0000 nm diameter: 8.0169 mg between 1.7000 im and 300.0000 nm diameter: 784722 mig
BJH Desorption cumulative surface area of pores BJH Desorption cumulative surface area of pores
between 1.7000 nm and 300.0000 nm diameter: 78870 milg between r{‘.mm nm and 300,3000 nm d,aﬁle r 89.2421 milg

Hinh 5. Hap phu va giai hap dang nhiét ciia TiO, thwong mai va nano TiO, ong.

Két qua thu dugc trén hinh 5 cho thiy ring bé mit riéng ciia san pham nano
TiO, 6ng 16n gap 8,5 1an so v4i bé mit riéng ciia TiO, nguyén liéu ban dau, dong thoi
qué trinh téng hop bang phuong phap thiy nhiét ciing da giam dang ké phan bé mat vi
x6p (micropore) xudng con 0,8m?.g”, day 1a mot loi thé dang ké khi sir dung san phdm
nano TiO, éng dé 1am xuc tac vi s& han ché duoc sy khéng ché khuéch tan trong céc 15
vi x6p nhu thudng gip trén cac loai xuc tac thong dung.

3.2. So sdnh hoat tinh quang héa ciia nano TiO, éng va bt TiO, thuwong mai

Nhu da trinh bay trén hinh 2 va hinh 3, TiO, thwong mai c6 cAu trac dang hat voi
kich thudc micro, khoang 0,10 — 0,13pum dugc bién tinh thanh nano TiO, éng ¢ chu
trac dang dng v6i duong kinh 6ng trung binh tir 7nm. Hoat tinh quang héa cao ciia nano
TiO, dng con duge kiém tra bang qua trinh khir lvu huynh trong dau diesel, két qua
trong do thi hinh 6, chi sau 20 phut phan mg dudi anh sang dén cao ap, ham luong luu
huynh giam xudng rat thip (19 ppm) va hoan toan hét sau 40 phut cho thay hoat tinh
quang xtic tac cao ctia nano TiO, dng.
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Hinh 6. Méi quan hé gitka thoi gian phan g quang héa trén xiic tac TiO, thirong mai
va nano TiO, 5ng vadi ham lwong luu huynh con lai trong nhién liéu diesel.
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4. Két luan

Bang phuong phap thiy nhiét, 1an dau tién tai Truong Dai hoc Bach khoa — Dai

hoc Da Ning di tong hop thanh céng nano TiO, dang 6ng tir bot TiO, thuong mai. Cac
phuong phép phan tich hoa 1y cho thiy cdu triic pha anatase ciia nano TiO, dang dng
duoc bao toan véi kich thude nano trong khoang 7nm. Su gia ting bé mat riéng 1én hon
8 lan va gan nhu khong c6 16 vi x6p d3 ting manh kha ning quang héa cia xtic tac va
duoc khang dinh qua qua trinh khir luu huynh sau nhién liéu diesel bang phuong phap
0-xy hoa quang hoa.
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