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ABSTRACT 

Large-pore three-dimensional (3D) mesoporous silicas are among the most interesting 
mesoporous materials discovered in recent years, and they have attracted much attention for 
potential applications to make the supports for polyfunctional catalysts. In this report, the 
synthesis of the mesoporous silica with a bicontinuous cubic structure of la3d symmetry by using 
a commercially available triblock copolymer (E02oP07oE02o)-butanol mixture for the structure 
direction in aqueous solution was investigated. Then, cubic la3d mesoporous silica molecular 
sieves were modified with Ni-Ti mixed oxide and their structural characteristics were determined 
by X-ray diffraction, nitrogen physical sorption, TEM and their catalytic activity in gas phase 
oxidation reaction of LPG was studied. 

I - MO DAU 

Nam 1992, Kresge va cdng su [1] da tdng 
hgp thanh edng vat lieu mao quan trung binh 
sap xe'p trat tu diu tien dat ten la MCM-41 (cau 
true khdng gian p6mm, thudc hg M41S). Vat 
lieu nay duge tdng hgp bang phuong phap thuy 
nhiet trong su cd mat cua chat boat ddng bi mat 
cation, xetyl trimetyl amoni halogenua 
Ci6H33(CH3)3N"'Hal cd tic dung dinh hudng ca'u 
true. Stueky vi nhdm nghien cdu [2] da tdng 
hgp dugc mdt thanh vien quan trgng trong hg 
vat lieu mao quan trung binh trat tu 
(VLMQTBTT) mdi SBA nam 1994, do l i SBA-1 
(cau true hdc lap phuang cd tinh dd'i xdng 
Pm3n). Thdng thudng, viec tdng hgp hg vat lieu 
nay dugc thuc hien trong mdi trudng axit vd ca 
manh, vdi su ed mat cda cic chat tao ca'u trdc la 
cac ddng polime vdi 2, 3 hgp phan cd i i luc 
ludng tinh. Hg SBA cd dudng kfnh mao quin 
khi ldn, ed the dat tdi 50 nm. Thanh mao quan 
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day, bin nhiet va ben thuy nhiet. Di diiu che 
duge cac vat lieu chat Iugng cao theo y mudn, 
diiu quan trgng la phai khd'ng che ddng hgc ciia 
cic qua trinh diiu che khac nhau bang each thay 
ddi cic diiu kien tdng hgp [3]. 

Gin day, ngudi ta da tdng hgp dugc Ioai 
VLMQTBTT vdi can true Ia3d rat gid'ng vdi cau 
true cua vat lieu MCM - 48 [4]. Silica Ia3d mao 
quin Idn nay cd dudng kfnh mao quan rat Idn tii 
8 de'n 12 tun vi chiiu di i cua canh te bao mang 
ludi I i 22,9 nm (ldn han rat nhiiu so vdi vat heu 
MCM - 48). Dac biet, d i dang kiem soat sU thay 
ddi dudng kinh cua c ic kenh mao quan cho phu 
hgp vdi loai vat lieu cd ca'u true mong mudn 
bing each thay doi ty le cua thanh phan n-
butanol. 

Viec tdng hgp vat lieu silica Ia3d thu&ng 
dugc thuc hien trong mdi trudng axit manh vdi 
hdn hgp chat tao cau true l i ddng pohme ba 
khd'i P123 (EO20PO70EO20) va n-butanol theo 



cic ty le khic nhau. Phuang phap nay thuan lgi 
la do lap lai tdng hgp cao, thdi gian tdng hgp 
ngan hon so vdi cic hg VLMQTBTT khac va ed 
the tdng hgp lugng ldn vat lieu [4]. 

Hien nay, ngudi ta dang ed ging nghien cdu 
di tim kie'm cic dng dung cua nhttng hg vat lieu 
nay trong linh vuc hap phu va xdc tic bang each 
bie'n ddi do axit bi mat cua vat lieu va Iam tang 
tfnh bin nhiet vi thuy nhiet cua chdng. Trong 
bao cao nay, chdng tdi tdng hgp vat lieu silica 
hg Ia3d lim nin va mang len nin nay lucken 
oxit vdi cac ham lugng khic nhau va sau dd cic 
xuc tic x%NiO/Si02 Ia3d duge kich boat bdi 
l%Ti02 di thu dugc xdc tie oxi hoi cho phin 
dng oxi hoa cac hidroeacbon. 

II - THUC NGHIEM 

1. Tong hgp vat lieu Silica Ia3d 

Hdn hgp cac nguyen lieu diu P123 va n-
butanol (theo ty le da dugc cdng bd trong tii 
lieu [5]) duge khua'y lien tue trong 24 gid d 
35°C. Nhd TEOS vao hdn hgp tren va tiip tuc 
khuay d 35°C trong 24 gid. San phim dugc u 
nhiet d 100°C trong 24 gid trong binh 
polipropilen. Chat rin thu dugc sau qui trinh 
thuy nhiet dugc dem lgc vi lam khd d nhiet do 
80°C khdng cin rua, sau dd eac chat tao ciu true 
dugc loai bd bing cieh rda vdi hdn hgp ancoI 
etylic - HCI, tie'p theo nung chat rin trong khdng 
khf d 550°C. 

Tdng hgp he xdc tac TiOj-NiO/SiO^ (Ia3d) 

Dieu che he xuc tdc x% NiOISi02 (Ia3d) (x 
= ;,• 3: 5; 7; 10). Hda tan cic lugng Ni(N03)2 
da duge tinh toin trudc trong etanol. Sau dd, cho 
td td vio SiOj (Ia3d) va trdn ky san phim thu 
dugc. Say sin pham thu dugc d 100°C trong 8 
gid, sau dd nung sin phim d 550°C trong 4 gid, 
thu duoc he xuc tac x% NiO/Si02 (Ia3d) (x = 1; 
3; 5; 7; 10). 

Dieu che he xiic tdc l%Ti02-x% NiOISiOi 
(Ia3d) (x= 1; 3; 5; 7; 10). Hda tan Ti(OC3H7)4 
trong etanol tuyet dd'i. Sau do, tim len he xdc 
tie x% NiO/Si62 (Ia3d) (x = 1; 3; 5; 7; 10) 
tuang tu nhu tren. Chung tdi thu dugc cic he 
xdc tic mong mud'n l%Ti02-x% NiO/Si02 
(Ia3d)(x=l;3;5;7; 10). 

Ill - KET QUA VA T H A O LUAN 

Chung tdi da ghi giin dd nhiiu xa tia X cua 
vat lieu nin SiOj (Ia3d) va cic miu l%Ti02-
x%NiO/Si02 (Ia3d). Giin dd nhiiu xa tia X cua 
chung dugc trinh biy d hinh 1 a vi b. Td gian do 
nhiiu xa tia X, ehdng tdi nhan tha'y la d miu 
SiOj (la3d) da hinh thanh mao quan trung binh 
khi rdng (kfeh thudc mao quan khoang 9nm), 
do trat tit eau true cao (hinh la) va eho tha'y cd 
su hinh thanh cac vi tinh thi oxit NiO tren nin 
Si02 (la3d) mang l%Ti02 (hinh lb) dac biet vdi 
cae miu l%Ti02-7%Ni0/Si02 (Ia3d) vi 
l%TiO2-10%NiO/SiO2 (Ia3d). 

TwoTheta/degree 

a. Nen Silica Ia3d 

Theta/Dogreo 

b. vat lieu Silica Ia3d da tam l%Ti02-x%NiO 
(x= l ;3 ;5 ;7 ; 10) 

Hinh 1: Gian dd nhiiu xa X-ray 
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Hinh 2: Dudng hap phu khd hap phu va dudng 
cong phan bd cua miu Silica Ia3d. 

Td cic kit qua thu duge qua gian dd nhiiu 
xa tia X, chdng tdi tie'p tuc nghien cuu san phim 
thu dugc bing phuong phip SEM di xie dinh 
hinh ding kich thudc hat tinh thi va bi mat tinh 
the. Kit qua thu dugc cho thay miu silica Ia3d 
tdng hgp dugc chda cac ca'u trdc hinh lap 
phuang, khi hoin thien, kfeh thudc vat lieu SiOj 
(Ia3d) thu dugc khi nhd va tuang dd'i ddng diu, 
khoang td 0,5 - 1 pm. Vat lieu thu dugc thudc 
khdng gian 3 chiiu, he eau true cubic nhdm 
khdng gian Ia3d rat gid'ng vdi vat lieu MCM -
48. 

Tfnh chat xd'p cua Si02 Ia3d dugc danh gii 
bang phuang phip do ha'p phu va khd hap phu 
nita. Kit qua cho thay ring miu thu dugc cd 
dudng cong phan bd hep, kich thudc mao quin 
Idn cd do ddng diu cao. Dien tich bi mat rieng; 
SBET = 730,4 mVg, the tfch mao quin 1 cmVg, 
dudng kfnh mao quan la 9,1 nm (xem hinh 2). 

Chung tdi da tie'n hinh chup inh TEM cua 
miu Si02 (Ia3d) (sau khi nung a 550°C trong 4 
gid), tren thie't bi JEM-1010, tai Vien ve sinh 
dieh ti Trung uong. Ha Ndi, vdi dien thi gia td'e 
80kV, do phan giii 2 A, miu duge chuin bi tren 
ludi ddng phd cicbon 300 mesh. Kit qua thu 
dugc dugc chi ra tren hinh 3. Td hinh anh nay, 
ehdng tdi nhan tha'y rang vat lieu silica Ia3d 
dieu ehe dugc cd kich thudc mao quan rat ddng 
diu, do trat tu cao. Td phuang phip nay, chdng 
tdi cd the xic dinh duge kich thudc mao quan 
vio khoang 9 tun (kit qua nay phu hgp vdi 

phuang phap hap phu giai hap N2) va be day 
thanh mao quan tfnh dugc 1,4 nm. Td hinh 3, 
chdng tdi nhan thay vat lieu silica Ia3d diiu che 
dugc cd kfeh thudc mao quan rat ldn va thanh 
mao quan Idn han nhiiu so vdi cac vat lieu silica 
MCM-48 (vat lieu cd cung cau true khdng gian 
3 chiiu). Diiu nay nang eao do bin thuy nhiet 
va va thuan Igi cho cac qui trinh khuich tan cua 
cac phan tu chat tham gia phan dng trong vat 
lieu silica Ia3d cao ban nhiiu so vdi cic loai vat 
lieu mao quan trung binh khic. 

Hinh 3: Anh hien vi dien tu truyin qua cua miu 
Si02(Ia3d) (sau khi nung) 

Chung tdi da danh gia boat tfnh xdc tic oxi 
hda cua cac vat lieu thu dugc qua phan dng oxi 
hoi LPG bdi dxi khdng khi tren he thdng phan 
dng Autoclave (vdi tdc dd ddng nguyen lieu la 
VLPG = 7,5 ml/phut va V ,̂ = 240 ml/phut) tai 
Trung tam Hoa diu Khoa Hoa hoc, Trudng Dai 
hgc KHTN - DHQG Ha Ndi. Ham lugng hidro 
cacbon (HC) va CO cua khf chay dugc xac dinh 
tren thie't bi RIKEN HC, CO Infrared Emission 
Analyzer tai Trung tam Hoa dau, Khoa Hoa hoc, 
Trudng Dii KHTN - DHQG Ha Ndi. 

Khoang nhiet do ma chdng tdi nghien cdu 
(td 300 - 450°C) la gidi han nhiet do vda phai de 
dinh gia do hoat ddng cua cie xde tic thu dugc. 
Trong phan dng oxi hda LPG nay, chdng toi da 
diing du oxi, nhu vay thanh phin hidroeacbon va 
CO phii khdng cdn sau phan dng chay, nhung vi 
phin dng oxi hda LPG d khoing nhiet do 300 -
450°C khdng xiy ra hoin toan nen Iugng CO, 
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mgt sin pham trung gian, vin dugc tim thay. 
Mue tieu cua chung tdi trong bao cio nay la sd 
dung he xdc tic NiO tren nin silica la3d dugc 
hiep trg bdi Ti02 cho phin dng oxi hda LPG. Td 
bang 2, eho tha'y su hinh thinh CO tren cic miu 
xuc tie dat gia tri cue dai trong khoang nhiet do 
td 350 - 400°C. Trong khoang nhiet do nay, 
phin dng oxi hda LPG chua dd manh vi san 
pham trung gian CO chua bi oxi hda tiip vi 
COj. Khi nhiet do tang tdi 450°C, thi LPG bi 
chay gin hoan toin vi CO, va nude. 

6 450°C hiu nhu tat ca eac xdc tie cho do 
chuyen hda LPG dat 100% (xem bang 1). Dac 
biet, xuc tic l%TiO2-10%NiO/SiO2 cho do 
chuyin hda hoan toin LPG d 400"C. Kit qua 
nay phu hgp vdi mdt sd cdng trinh cdng bd trudc 
day. Diiu nay cd the giai thi'ch ring Iugng 
10%NiO dugc hiep trg l%TiO, da tao nen mdt 
he thdng xuc tic phan bd diu tren be mat Silica 
- Ia3d va tic dung cua Silica -Ia3d chi Iim nin 
de trii pha hoat ddng xuc tic NiO. 

Bdng 1: Ndng do hidroeacbon HC (ppm) va do chuyin hda % 
cic miu xdc tac l%Ti02-x%NiO/SiO,-Ia3d d cac 

trong thanh phin khi chiy tren 
nhiet do khac nhau 

TC 

300 

325 

350 

375 

400 

425 

450 

rlC, ppm 

1 a, % 
:IC, ppm 

1 a, % 
TC, ppm 

a, % 
IC (ppm) 
a(%) 
IC (ppm) 
a, % 

TC, ppm 

1 a, % 
TC, ppm 

a, % 

SiO, 
(la3d) 

10719 
(0%) 

10615 

(1%) 

10551 
(1,6%) 

10507 
(2%) 

10432 
(2,7%) 

10336 
(3,6%) 

10231 
(4,6%) 

l%Ti02/ 
Si02 

10429 
(2,8%) 

8905 
(16.9%) 

7562 
(29,5%) 

5188 
(51,6%) 

4340 
(59,5%) 

3325 
(69%) 

3005 
(72%) 

l%Ti0,-
l%NiO/ 
SiOj 

10429 
(2,7%) 

8905 
(16,9%) 

3562 
(26.8%) 

3188 
(70,3%) 

340 
(99,7%) 

25.5 
(99,8%) 

0 
(100%) 

l%Ti02-
3%Ni0/ 
Si02 

10328 
(3,6%) 

10185 
(5%) 

4328 
(59.6%) 

2991 
(82,1%) 

251 
(97,7%) 

29 
(99.3%) 

0 
(100%) 

l%Ti02-
5%NiO/ 
SiO; 
10045 
(6,3%) 

7451 
(30,5%) 

2275 
(78,8%) 

321 
(98,9%) 

67 
(99.4%) 

18 
(99,8%) 

0 
(100%) 

l%Ti02-
7%Ni0/ 
SiO, 
10145 
(5,4%) 

10377 
(3,2%) 

5344 
(50,1%) 

3840 
(64,2%) 

2100 
(80,4%) 

430 
(96%) 

67 
(99,4%) 

l%Ti02-
10%NiO/ 
SiO, 

8594 
(19,8%) 

3581 
(66,6%) 

414 
(96,1%) 

175 
(98,4%) 

32 
(99,7%) 

0 
(100%) 

0 
(100%) 

Ket qui d bang 2 cho tha'y mdi nhan xet khi 
thu vi vi mdi tnfdng li; trong phan dag ddt chay 
cac nhien lieu hda thach. That vay. d cic thf 
nghiem, chung tdi da dung du oxi khdng khi, 
nhu vay vi mat ly thuye't sin phim chay khdng 
thi cdn CO va hidroeacbon. nhung kit qua phan 
tich tren miy vin tim thiy hidroeacbon va CO 
nghia la cin xd Iy san phim chiy trudc khi thai 
ra ngoai mdi trudng. 

Trong nhung nam gin day, ngudi ta ph:tn 
tan vat lieu xdc tic nano Ien be mat cac Silica 
mao quan trung binh nhim nang cao do hoat 
ddng vi do chgn igc cua xdc tic. Do chgn Igc 
cua cic xuc tic nano cd the dat 100%, dd la cac 
xde tic xanh, khdng cho cac sin phim phu cd 

the gay d nhiim mdi trudng. Chdng ldi hy vgng 
ring vdi he xuc tic TiOi-NiO/SiOj chuyen sang 
dang xuc tic nano cd the nang cao hieu qui oxi 
hda hoan loan hidroeacbon trong khi thai khi 
ddt chiy cac nhien lieu hda thach. 

IV - KET LUAN 

Nhu vay, ehung tdi da tdng hgp dugc cac 
xuc tic x%NiO/SiO, (la3d) (x = 1, 3, 5, 7, 10) 
dugc hiep trg bdi l%TiO, bing phuang phap 
tim udt rdi nung khd vi sd dung cac phuang 
phip phan tfch hoa Iy tin cay di dac trung ciu 
trdc va xac dinh tfnh chit be mat cua cac san 
pham thu dugc. Sd dung phuang phap nhiiu xa 
Ranghen (XRD) chung minh chi'nh xac su ton 
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Bdng 2: Ndng dd CO (%) trong thinh phin khi chiy tren cac xdc tie I%Ti02 - x%Ni0/Si02 
( x = l ; 3 ; 5 ; 7 ; 10%) 

TC 

300 

325 

350 

375 

400 

425 

450 

iOj (Ia3d) 

0,025 

0,03 

0,03 

0,04 

0,05 

0,05 

0,05 

l%Ti02/ 
Si02 

0,05 

0,07 

0,6 

0,81 

0,75 

0,46 

0,00 

l%Ti02-
l%NiO/ 

SiO, 

0,05 

0,07 

0,56 

0,73 

0,70 

0,35 

0,30 

l%Ti02-
3%NiO/Si02 

0,06 

0,16 

0,23 

0,30 

0,20 

0,11 

0,04 

l%Ti02-
5%NiO/ Si02 

0,12 

0,25 

0,38 

0,34 

0,18 

0,06 

0,00 

l%Ti02-
7%NiO/Si02 

0,05 

0,09 

0,31 

0,37 

0,15 

0,05 

0,01 

l%Ti02-
10%NiO/SiOj 

0,07 

0,16 

0,4 

0,43 

0,35 

0,18 

0,05 

tai tinh the cau trdc 3 chiiu Id rdng mao quan 
trung binh (vdi do tinh thi cao) va phuang phap 
kinh hien vi dien td truyin qua (TEM) xic dinh 
kfeh thudc vi hinh dang Id dac trung cua tinh 
thi Silica cd ca'u trdc Ia3d dudng kinh mao quan 
dao dgng cd 9, nm. Cae kit qua nghien CUM 
bang phuang phap hap phu - giai hip nita (BET) 
cung da xac dinh dugc dien tfch be mat rat phu 
hgp vdi kit qua phan tich XRD va BET. Kit qua 
nhiiu xa Ranghen (XRD) d gdc rdng chdng 
minh ring trong qua trinh tim, TiO, va NiO da 
dugc giii diu tren bi mat cic hoc cua vat lieu 
Silica Ia3d. Khi ham lugng ldn (miu 7%NiO vi 
10%NiO) da xuat hien cic vi tinh thi NiO trong 
Id eua cac vat lieu Silica Ia3d. 

Xet ve y nghia mdi trudng, cic he xde tie 
tdng hgp duge cd boat tfnh td't cho phan dng oxi 
hoa xdc tic LPG. Chdng tdi nhan thay ring he 
xuc tic l%TiO,-5%NiO/Si02 (Ia3d) la phu hgp 
nha't di Iam xuc tic cho phan dng oxi hda hoan 
toan LPG d 450°C vdi do chuyen hda 

Tdc gid lien he: Truong Dinh Ddc 
Trudng Dai hgc Kinh te Qud'c dan 

hidroeacbon la 100%, ndng do CO trong san 
phim chay dat 0%. 
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