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SUMMARY

Ti-containing SBA-15 mesoporous (Ti-SBA-15) materials have been successfully synthesized
by direct method. The prepared Ti-SBA-15 samples were characterized by powder X-ray
diffraction (XRD), transmission electron microscopy (TEM), nitrogen adsorption/desorption
measurement, diffuse reflectance UV-visible spectroscopy (UV-Vis) and scanning electron
microscopy (SEM). The obtained results have shown that the prepared samples had highly
ordered hexagonal mesostructure with large specific surface area and uniform mesopore size
distribution. No damage to the SBA-15 silica mesostructures was caused by the loading of
titanium in framework. Ti substituted for Si in framework of SBA-15 existed in tetrahedrally

coordinated form.

- MO PAU

Véi kich thuéec mao quan 16n (50 - 300 A),
dong déu, thanh mao quéan day, do bén nhiét va
thuy nhiét cao hon MCM-41, vat liéu mao quan
trung binh SBA-15 [1], da thu hit sy quan tam
dac biét cua cic nha khoa hoc trong Iinh vuc
xuc tac va hap phu. Tuy nhién, do Si-SBA-15 1a
vat liéu trung hoa dién tich va khong cé tam xuc
tac oxi hdéa-khlr nén nguoi ta phai tim cach dua
mot s6 kim loai chuyén tiép (Fe, Co, V& ) [2 -
6] vao mang céu tric cua SBA-15 dé tao ra céc
tam xdc tdc mong muon.

Nhu da biét [7], viéc thay thé dong hinh cac
ion Si*" bdng céc ion Ti** vao trong vat liéu vi
mao quan va mao quan trung binh da tao ra cac
chat xdc tdc nhu TS-1 hay Ti-MCM-4134 ¢6
hoat tinh cao trong phan ting oxi héa chon loc
cac hop chat hitu co. Tuy nhién, nhitng xuc tac
nay van ¢6 mot s6 han ché hoac 1a kich thudc 16

x0p nho (TS-1) hoac do bén nhiét va thuy nhiét
khong cao (Ti-MCM-41). Vi vay, viéc dua Ti
vao mang cau tric SBA-15 véi hi vong sé€ tao
duoc mot loai vat liéu Ti-SBA-15 xtc tic hiéu
qua doi v6i phan ting oxi héa chon loc cac hgp
chit hitu co, dac biét 1a cac hgp chat hitu co céd
kich thudc 16n. Thong thudng ngudi ta ¢6 thé
dua kim loai vao mang SBA-15 bang phuong
phdp truc tié€p hoac gidn tiép [4 - 6]. O phuong
phép thit nhat, ngudn kim loai duoc dua vao hén
hop gel trong qué trinh téng hop. Trong phuong
phéap thit hai, kim loai dugc phan tan vao vat liéu
Si-SBA-15 bang cdc k§ thuat héa-1y thich hgp
(tdm, lang dong hoéa hocd ). Phuong phdp gidn
ti€p c6 uu diém la c6 thé dua mot lugng 16n kim
loai vao vat liéu ran. Nhung nhugc diém 16n
nhit cta phuong phap nay la khé phan tan kim
loai dong déu trén bé mat pha ran, kim loai dé bi
co cum 1am che chan mao quan, can trd khuéch
tan, do d6 lam giam hoat tinh xdc tac [6]. Trai
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lai, v6i phuong phép truc ti€p thi kim loai dugc
phan tin rat dong déu trong mang céu tric ctua
pha rdn nhung doi hoi phai tuan thi nghiém
ngat k¥ thuat tong hop [4, 5].

Trong bai bdo nay, chiing t6i trinh bay két
qua nghién ctu tong hop vat lieu mao quéin
trung binh Ti-SBA-15 biang phuong phdp truc
ti€p va xdc dinh tinh chat cua vat liéu tong hop
bing cdc phuong phédp hoa 1y thich hop.

IT - THUC NGHIEM

1. Téng hop Ti-SBA-15

Vat liéu Ti-SBA-15 duoc téng hop tir cdc
héa chat sau: titan (IV) isopropoxit (TIPP),
tetraetyl octosilicat (TEOS), chat hoat dong bé
mat P123 (pluronic) EO,,PO,,EO,,, isopropanol
va axit HCI.

Qui trinh: TEOS duogc cho vao dung dich
ctua titan (IV) isopropoxit trong isopropanol.
Hon hop duoc khudy trong khoang 5 phiit dé tao
ra dung dich trong su6t, dong nhat (dung dich
A). Dung dich A dugc nho ting giot vao dung
dich chat hoat dong bé mat P123 trong HC1 2 M
(pH < 1) 6 40°C. Hoén hgp dugc khudy manh
trong 2 gio va ti€p tuc khudy nhe trong 24 gio
dé tao thanh gel vdi thanh phan mol 1a 1TEOS :
0,01TIPP : 0,0172P123 : 6,08HCI : 201,83H,0.
Gel dugc chuyén vao binh teflon va ti€p tuc
duoc thuy nhiét & nhiét do 100°C trong 48 gio.
Séan phdm dugc loc, rira, sdy kho & 100°C, nung
4 550°C trong 10 gio.

2. Cac phuong phap dac trung

DPé diac trung mau tong hop, ching toi da sir
dung c4c phuong phap sau:

Phé nhiéu xa Ronghen (XRD) dugc ghi trén
mdy nhiéu xa Ronghen VNU-D8 Advance
(Bruker, Germany), st dung ngudn bic xa CuK,
v6i budc séng A= 1,5406 A, géc quét 20 thay
daoi tr 0,5 - 10°.

Puong dang nhiét hap phu-khtt hap phu N,
duoc thiét 1ap & 77 K trén thiét bi Ommisorp-
100.

Phé tlr ngoai va kha kién (UV-Vis) dugc ghi
trén may GBC-2885 v6i budc song trong khoang
200 - 800 nm.
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Hién vi dién tir quét (SEM) duoc chup trén
mdy JSM-5300 LV va hién vi dién tlt truyén qua
(TEM) dugc ghi trén may JEOL-JEM 1010.

111 - KET QUA VA THAO LUAN

Phé nhiéu xa Ronghen (XRD) ctia cic méu
SBA-15 va Ti-SBA-15 dugc trinh bay & hinh 1.
T hinh 1 ¢6 thé nhan thdy ring phé XRD cla
mau Ti-SBA-15 c6 ba pic nhiéu xa dic trung
tng v6i cac mat (100), (110) va (200) tuong tu
nhu phé XRD ctia miu SBA-15 [1]. Pic nhiéu xa
c6 cuong do 16n nhat tng véi mat (100) & goc
20 = 0,86 dic trung cho vat liéu mao quin
trung binh. Pic d6 c6 cudng do 16n va hep ching
to vat liéu ¢6 do trat tu cao. Hai pic ¢6 cuong do
nho hon tng véi cdc mat (110) va (200) & goc
20= 1,5° va 1,7° twong ting, dac trung cho ciu
tric luc lang 2 chiéu (p6mm) véi khoang céch
dygo = 102,069 A tuong tGng véi thong s6 mang
a, = 117.89 A (véi a, =2d,,,/~/3 ). Diéu d6
ching to rang khi dua Ti vao mang lu6i SBA-15
bang phuong phdp tong hop truc tiép (theo két
qua UV-Vis, hinh 6) céu tric dang luc lang hai
chiéu ctia SBA-15 hau nhu khong bi thay déi.
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Hinh 1: Phé XRD clia cdc mau SBA-15 va
Ti-SBA-15
Hinh 2 va 3 12 4nh hién vi dién tir truyén qua
(TEM) ctia cic mau SBA-15 va Ti-SBA-15. Tu
hinh 4nh nay c6 thé thdy céac 16 x6p dang luc
lang da dugc hinh thanh trong mau SBA-15



(hinh 2A) ciing nhu trong mau Ti-SBA-15 (hinh
3A), cdc 6ng mao quan trung binh x&p song
song v6i nhau (hinh 2B d6i v6i mau SBA-15 va
hinh 3B d6i v6i miu Ti-SBA-15). O day khong
nhan thay su xuit hién cua TiO, & dang antas

Hinh 2: Anh TEM ctia SBA-15

trén bé mat cua vat lieu Ti-SBA-15. Diéu nay
phl hop véi két qua pho nhiéu xa Ronghen &
trén, tic 1a cdu tric mao quan trung binh c¢6 do
trat tu cao cua SBA-15 van dugc duy tri khi dua
Ti vao mang luéi SBA-15.

Hinh 3: Anh TEM ctia Ti-SBA-15

D¢ tim hiéu sau hon vé tinh chét bé mat cha vat liéu Ti-SBA-15 tong hop, phuong phap hap
phu-khtr hap phu N,(BET) da dugc st dung. Pudng dang nhiét hap phu-khir hap phu N, va dudng
phan bé kich thuéc mao quan ctia mau Ti-SBA-15 dugc trinh bay trén hinh 4 va 5. Tir hinh 4, ¢6 thé
thay duong déng nhiét hap phu-khir hap phu N, ctia Ti-SBA-15 thuoc kiéu thi IV va ¢ vong tré
dang H1 (theo phan loai cia IUPAC) dac trung cho vat liéu ¢c6 mao quan trung binh dang hinh tru

thong hai dau.
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Hinh 4: Pudng dang nhiét hap phu-
khtr hap phu N, cua Ti-SBA-15

Hinh 5: Puong phan bo kich thudc
mao quan cua Ti-SBA-15
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Puong phan bd kich thuéc mao quan cta
mau Ti-SBA-15 (hinh 5) ¢6 pic hep, cuong do
16n chitng to vat liéu téng hop c6 kich thuéc
mao quan rat déng déu véi duong kinh mao
quén (d,) rong ~96 A. Tir cdc gid tri clia thong
s6 mang a, va dudng kinh mao quan d,, c6 thé
tinh duoc chiéu day thanh mao quan (d,) bing
22,14 A (hi¢u cua a, va d,). Dién tich bé mat
riéng (Sgpr) duoc xac dinh trong ving P/P, nhd
(0,05 - 0,3) la 545 m*/g. Cic thong so céu tric
cta vat liéu Ti-SBA-15 duge trinh bay & bang 1.

Dé xac dinh xem Ti ¢6 duoc thay thé dong
hinh cho Si trong mang SBA-15 hay khong va &
trang thai nao ching t6i di st dung phuong
phdp do phé UV-Vis clia miu nghién ciu &
trang thai ran. Theo tai liéu [5], ph6é UV-Vis clia
vat liéu chita Ti c6 ba ddm phé dic trung: ddm

phé ting vé6i budc séng ~ 210 nm dai dién cho Ti
phéi tri 4 duoc thay thé dong hinh cho Si trong
mang lu6i, ddm phd tng véi bude séng ~ 300
nm biéu thi cho su ton tai cia Ti ¢6 s6 phoi tri
> 5 phan tén cao ngoai mang va dém phé & budc
song ~ 300 - 400 nm duoc cho la sy ton tai cua
oxit titan dang anatas.

Tur phé UV-Vis cta Ti-SBA-15 va SBA-15
(hinh 6) c6 thé thay rang, khong c6 dai hdp thu
nao xuét hién trén phé ctia miu Si-SBA-15. Con
trén phé ctia mau Ti-SBA-15 chi xuét hién mot
ddm phé & viing ~215 nm déc trung cho Ti phoi
tri 4 thay th€ dong hinh Si ton tai trong mang
luéi.

Nhu vay, ro rang hau hét Ti da duoc dua vao
mang ludi & dang s6 phoi tri 4, khong cé TiO,
ton tai bén ngoai mang cua SBA-15.

Bdng 1: Thong s6 cu triic clia vat liéu Ti-SBA-15 tdng hop

Mﬁu leO’ A AO’ A dpv A dwv A SBET’ mz/g
Ti-SBA-15 102,069 117,89 95,75 22,14 545
T T T
200 250 300 350 400

Budc séng (nm)

Hinh 6: Phé UV-Vis clia
ciac miu SBA-15 va Ti-SBA-15

Hinh dang va kich thudc cua céc hat vat liéu
Ti-SBA-15 ciing di dugc nhan biét qua anh hién
vi dién tr quét (SEM, hinh 7). T &anh SEM cho
thay ring qu4 trinh téng hop truc ti€p da tao ra
céc hat vat liéu Ti-SBA-15 dang con nhong kha
doéng déu véi kich thude khoang 0,5 - 0,7 pm.
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Hinh 7: Anh SEM clia Ti-SBA-15

IV - KET LUAN

Vat lieu Ti-SBA-15 da dugc tong hop thanh
cong bang phuong phép truc ti€p. Cdc mau téng
hop da dugc dic trung bang cac phuong phép
héa 1y hién dai XRD, BET, TEM, UV-Vis. Tt



két qua thu dugc c6 thé két luan ring miu téng
hop dugc c6 cau tric luc lang hai chiéu véi do
trat tu cao, kich thuéc mao quan dong déu véi
duong kinh ~96 A, dién tich bé mat rieng 545
m?/g. Titan da dugc dua vao mang ciu tric clia
SBA-15 va Ti ton tai trong mang ludi & dang
phoi tri 4, thay th€ dong hinh cho Si.
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