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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 (EQ PO ,,EQ,y)—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 characleristics were determined
by Xray diffraction, nitrogen physical sorption, TEM and their catalytic activity in gas phase

oxidation reaction of LPG was studied.

1-M3 DAU

Nim 1992, Kresge va cong su [1] da tdng
hop thanh cong vét liéu mao quan trung binh
sép x&p trat tu ddu tién dat tén 13 MCM-41 (c4u
tric khong gian p6bmm, thuéc ho M418S). Vat
lien nay dugc téng hop bang phwong phép thuy
nhiét trong sur ¢4 mat cla chat hoat dong bé mat
cation, xetyl trimetyl amoni halogenua
C\sH3,(CH,);N"Hal ¢6 téc dung dinh huéng ciu
tric. Stucky va nhém nghién cttu [2] di tong
hop dugc mét thanh vién quan trong trong ho
vat liéu mao quan trung binh trat ty
(VLMQTBTT) méi SBA nam 1994, dé 1a SBA-1
{cdu tric héc lap phuong cé tinh d6i xiing
Pm3n). Thong thudng, viéc téng hop ho vat lieu
nay duoc thuc hién trong moéi trudng axit vo co
manh, véi s ¢6 mit cla cac chat tao cau tric [a
céc déng polime v6i 2, 3 hop phan ¢6 ai luc
ludng tinh. Ho SBA c6 dudng kinh mao quan
kha 16n, c6 thé dat t6i 50 nm. Thanh mao quan
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day, bén nhiét va bén thuy nhict. D€ didu ché
duge cac vat ligu chat luong cao theo ¥ mudn,
diéu quan trong 1a phai khéng ché dong hoc clia
céc qué trinh diéu ché€ khdc nhau bang cach thay
déi cac diéu kien téng hop [3].

Gén day, ngudi ta di téng hop duge loai
VLMQTBTT véi c4u triic la3d rat giéng vdi cdu
tric cha vat ligu MCM - 48 [4]. Silica [a3d mao
quan 18n nay c6 dudng kinh mao quan rét 16n t¥
8 dén 12 nm va chiéu dai cha canh t€ bao mang
luéi 1a 22,9 nm (I16n hon rat nhiéu so véi vat liéu
MCM - 48). Dac biét, dé dang kiém sodt su thay
déi duting kinh ctia cic kénh mao quan cho phil
hop véi loai vat liéu cé cdu tric mong muén
bang cach thay déi ty le cta thanh phéan n-
butanol.

Viéc téng hop vat ligu silica [a3d thudng
duge thuc hién trong meéi trudng axit manh véi
hén hgp chdt tao cdu tric 12 déng polime ba
khéi P123 (EO,,PO,EOQ,) va n-butanol theo



céc ty 1¢ khic nhau. Phuong phip niy thuan loi
la do lap lai tSng hop cao, thdi gian téng hop
ngén hon so véi cac ho VLMQTBTT khéc va ¢6
thé tdng hop lugng Ién vat lieu [4].

Hién nay, nguoi ta dang ¢ ging nghién ciu
dé tim ki€m céc tng dung cha nhiing ho vat liéu
nay trong linh vuc hap phu va xdc tdc bang cdch
bién ddi do axit bé mat cha vat liéu va [am tang
tinh bén nhiét va thuy nhiét cla ching. Trong
bdo cdo nay, ching toi tdng hop vat lieu silica
ho Ia3d 1am nén va mang lén nén nay nicken
oxit v&i cac ham lugng khdc nhau va sau d6 céac
xtic tic x%NiO/Si0, [a3d duge kich hoat béi
1%TiO, dé thu duge xdc tdc oxi hod cho phan
ng oxi hod cac hidrocacbon.

11 - THUC NGHIEM

1. Téng hop vat li¢u Silica Ia3d

Hén hop cdc nguyén lieu ddu P123 va n-
butanol (theo ty 1é da dugc cong bd trong tai
litu [5]) dugc khudy lién tuc trong 24 g &
35°C. Nho TEOS vao hén hgp trén va tiép tuc
khudy & 35°C trong 24 gid. Sin phim dugc @
nhiét & 100°C trong 24 gid trong binh
polipropilen. Chét rén thu dugc sau qud trinh
thuy nhiét dugc dem loc va 1am kho & nhiét do
80°C khong cin rira, sau d6 cdc chat tao cdu triic
dugc loai bd bing cach rita v6i hén hop ancol
etylic - HCI, tiép theo nung chat ran trong khong
khi & 550°C.
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Tong hop hé xdc tac TiO,-NiO/SiO, (I1a3d)

Diéu ché hé xic tac x% NiOISi0, (la3d) (x
= [;3;5; 7, 10). Hoa tan céc lugng Ni(NO,),
dd duoc tinh todn trude trong etanol. Sau d6, cho
tir tir vao SiO, (Ia3d) va trén k§ san pham thu
dugc. Say san phdm thu duogc & 100°C trong 8
gi, sau d6 nung san phdm & 550°C trong 4 gid,
thu dugc hé xic tic x% Ni0O/SiO, (Ia3d) (x = 1,
3, 5;7; 10).

Diéu ché hé xiic tac 1%Ti0;x% NiOISiO,
(la3d) (x = 1, 3, 5; 7; 10). Hoa tan Ti(OC;H,),
trong etanol tuyét déi. Sau dé, tdm lén hé xic
tic x% NiO/SiO, (Ta3d) (x = 1; 3; 5; 7; 10)
tuong tu nhu trén. Ching to6i thu duge cic hé
xic tdc mong muén 1%TiO,-x% NiO/SiO,
(la3d) (x = 1; 3; 5; 7; 10).

I1I - KET QUA VA THAO LUAN

Ching t6i da ghi gian d6 nhiéu xa tia X cta
vat liéu nén SiO, (Ia3d) va ciac miu 1%TiO,-
x%NiO/Si0, (Ia3d). Gian dé nhiéu xa tia X cla
ching duge trinh bay & hinh 1 a va b. Tir gian d6
nhiéu xa tia X, ching t6i nhan thdy 12 & méu
Si0, (Ia3d) da hinh thanh mao quan trung binh
khd rong (kich thuéc mao quan khoadng 9nm),
do trat tu cdu tric cao (hinh la) va cho thay ¢6
sur hinh thanh cdc vi tinh thé oxit NiO trén nén
SiO, (Ia3d) mang 1%TiO, (hinh 1b) dac biét véi
cic mau 1%TiO,-7%NiO/SiO, (la3d) va
1%Ti0,-10%NiO/SiO; (1a3d).
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b. Vat liéu Silica Ia3d da tdm 1%TiO,-x%NiQ

(x=1:3;57,10)

Hinh I: Gian dé nhiéu xa X-ray
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Hinh 2: Pudng hap phu khir hap phu va dudng
cong phan b6 clia méu Silica Ia3d.

Tir céc két qua thu dugc qua gian d6 nhiéu
xa tia X, ching t6i tiép tuc nghién cttu san phdm
thu dugc bing phuong phdp SEM dé xdc dinh
hinh ddng kich thudc hat tinh thé va bé mit tinh
thé. Két qua thu dugc cho thdy mau silica 1a3d
téng hop dugc chia cic cdu tric hinh lap
phuong, khd hoan thién, kich thudc vat liéu SiO,
(Ia3d) thu dugc khd nhd va tuong d6i dong déu,
khoang tir 0,5 - 1 pm. Vat liéu thu duge thuoc
khong gian 3 chi€u, hé cdu triic cubic nhém
khong gian la3d rat gidng vdi vat lieu MCM -
48.

Tinh chét x8p cua SiO, Ia3d dugc dénh gid
bang phuong pbdp do hdp phu va khir hdp phu
nito. Két qua cho thdy rdng méu thu duogc cé
dudng cong phan bd bep, kich thudc mao quéan
16n ¢6 d¢ déng déu cao. Dién tich bé mat riéng:
Sger = 7304 m’/g, thé tich mao quan 1 cm?/g,
duong kinh mao quan 1 9,1 nm (xem hinh 2).

Chiing t6i di ti€n banh chup anh TEM cia
mau SiO, (Ia3d) (sau khi nung & 550°C trong 4
gi0), trén thi€t bi JEM-1010, tai Vién vé sinh
dich t€ Trung uong, Ha Noi, véi dién the gia t6c
80kV, d6 phan gidi 2 A, miu duoc chudn bj trén
luéi déng phi cdcbon 300 mesh. Két qua thu
duoc duge chi ra trén hinh 3. Ti hinh anh nay,
chiing toi nhéan thdy rang vat lieu silica Ta3d
diéu ché€ dugc ¢6 kich thue mao quan rat déng
déu, d6 trat ty cao. Tl phuong phdp nay, ching
161 ¢6 thé xac dinh duge kich thuéc mao quéan
vao khoang 9 nm (két qua nay phi hop véi
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phuong phip hip phu giai hdp N,) va bé day
thanh mao quén tinh dugc 1,4 nm. Ti hinh 3,
chiing t6i nhan thdy vat liéu silica Ia3d diéu ch&
dugc c6 kich thudc mao quan rat 16n va thanh
mao quan 16n hon nhiéu so v8i céc vat liéu silica
MCM-48 (vat liéu cé cung cdu tric khoéng gian
3 chiéu). Piéu niy nang cao do bén thiy nhit
va va thuan lgi cho cdc qud trinh khuéch tén cia
cac phan tlr chat tham gia phan g trong vt
liéu silica Ia3d cao hon nhiéu so vdi cic loai vat
lieu mao quén trung binh khdc.

Hinh 3: Anh hién vi dién tir truyén qua ciia mau
Si10,(Ia3d) (sau khi nung)

Chiing t6i di ddnh gid hoat tinh xic tic oxi
héa cua cac vat liéu thu dugc qua phan dng oxi
hod LPG bdi 6xi khong khi trén hé théng phan
iing Autoclave (véi t6c d6 dong nguyén liéu la
Vise = 7,5 ml/phit va Vi, = 240 ml/phit) tai
Trung tam Hoa ddu Khoa Ho4 hoc, Trudng Dai
hoc KHTN - PHQG Ha Néi. Ham lugng hidro
cacbon (HC) va CO cha khi chdy dugc xdc dinh
trén thiét bi RIKEN HC, CO Infrared Emission
Analyzer tai Trung tam Hod d4u, Khoa Hoad hoc,
Truong PH KHTN - PHQG Ha Noi.

Khoang nhiét d6 ma ching t6i nghién ciu
(tix 300 - 450°C) 12 gidi han nhiét do vira phai dé
dédnh gid do hoat dong cua céc xic tac thu dugc.
Trong phan tng oxi héa LPG nay, chiing t6i di
dung du oxi, nhu vay thanh phan hidrocacbon va
CO phaij khéng con sau phan tng chdy, nhung vi
phan ting oxi héa LPG & khoang nhiét do 300 -
450°C khéng x&y ra hoan toan nén lugng CO,



mot san phim trung gian, vin duoc tim thay.
Muc tiéu cla chiing t6i trong bio cdo nay 1a sir
dung h¢ xiic tdc NiO trén nén silica la3d duwoc
hiép trg bai TiO, cho phan tng oxi héa LPG. Tir
bang 2, cho thdy sy hinh thanh CO trén cdc mau
xic tac dat gid tri cyc dai trong khodng nhiét do
tir 350 - 400°C. Trong khoang nhiét do nay,
phan Ung oxi héa LPG chua di manh vi san
phim trung gian CO chua bi oxi héa tiep vé
CO,. Khi nhiét do6 tang t6i 450°C, thi LPG bj
chdy gin hoan toan vé CO, va nudc. '

@ 450°C hau nhu tat ca cac xic tc cho do
chuyén héa LPG dat 100% (xem bang 1). Dac
biet, xic tic 1%TiO,-10%Ni0O/SiO, cho do
chuyén héa hoan toan LPG & 400°C. Két qua
nay phu hgp v6i mot s cong trinh cong bo trude
day. Diéu ndy c6 thé giai thich ring iuong
10%Ni0O dugc hiép trg 1%TiO, da tao nén mot
hé théng xic tac phan bs déu trén bé mat Silica
— Ia3d va tdc dung cha Silica —la3d chi lam nén
dé trai pha hoat dong xiic tac NiO.

Bdng 1: Nong do hidrocacbon HC (ppm) va dé chuyén héa % trong thanh phén khi chdy trén
cdc miu xuc téc 1%7Ti0,-x%NiO/SiO,-Ia3d & cac nhiét d6 khic nhau

. Si0, 1%TiO,/ 1%TiO,- | 1%TiO,- 1%TiOy | 1%Ti0O,- | 1%TiO,-
T'C (Ia3d) Si0 ¥ 11%NIO/  [3%Ni0/ 5%NiO/ |7%NiO/ |10%NiO/
: Si0, SIO, Si0, Si0, Si0,
300 HC. ppm | 10719 10429 10429 10328 10045 10145 8594
) o. % (0%) | (2.8%) (2.7%) (3,6%) (6.3%) (54%) | (19.8%)
325 1C, ppm | 10615 8905 8905 10185 7451 10377 3581
o, % (1%) |(16.9%) (16.9%) (5%) (30,5%) | (3.2%) | (66,6%)
350 HC, ppm | 10551 7562 3562 4328 2275 5344 414
o % (1,6%) |(29.,5%) (26.8%) (59.6%) |(78.8%) | (50.1%) | (96.1%)
375 1C (ppm)| 10507 5188 3188 2991 321 3840 175
o (%) (2%) | (51,6%) (70,3%) (82,1%) |(98,9%) | (64.2%) | (98,4%)
400 IC (ppm)| 10432 4340 340 251 67 2100 32
o. % (2.7%) |(59,5%) (99.7%) (97.7%) |(99.4%) | (80.4%) | (99,7%)
95 HC, ppm | 10336 3325 255 29 18 430 0
o, % (3.6%) | (69%) (99.8%) (99.3%) |(99.8%) (96%) (100%)
450 B C.ppm | 10231 3005 0 0 0 67 0
) o. % (4.6%) | (72%) (100%) (100%) | (100%) | (99.4%) | (100%)

Két qua & bang 2 cho thdy mét nhan xét kha
thi vi vé moi trudng la: trong phan tng dot chdy
cac nhién lieu hda thach. That vay. ¢ céac thi
nghiém, ching t61 da dung du oxi khéng khi,
nhu vdy vé mat 1y thuyét san phim chdy khong
thé con CO va hidrocacbon. nhung két qua phan
tich trén méy van tim thdy hidrocacbon va CO
nghia 12 can x{r 1y sdn pham chdy trudc khi thi
ra ngoal mai truong.

Trong nhitng nain gin day, ngudi ta phan
tdn vat liéu xdc 1d¢ nano lén bé mat cic Silica
mao quan trung binh nhim ning cao d¢ hoat
dong va do chon loc ctia xtc tac. Do chon loc
clia cac xuc tac nano ¢6 thé dat 100%, d6 1a cac
xic t4¢ xanh. khéng cho cdc sian phim phu cé

thé gay 6 nhiém méi trudng. Ching 16i hy vong
rang voi h¢ xic tic TiO,-NiO/SiO, chuyén sang
dang xuc tdc nano ¢6 thé ning cao hiéu qué oxi
héa hoan toan hidrocacbon trong khi thai khi
dot chay cdc nhién liéu héa thach.

[V - KET LUAN

Nhu vay. ching 16i da téng hop duge céc
xac tdc x%Ni10O/Si0, (la3d) (x = 1. 3. 5.7, 10)
duoc hiép trg bdi 1% TiO, bang phuong phip
1dm udt réi nung kho va st dung cic phuong
phap phan tich hod ly tin cay dé dac tnmg cau
tric va xdc dinh tinh chdt bé mat cha cdc san
phim thu dugc. Sir dung phuong phap nhiéu xa
Ronghen (XRD) ching minh chinh xdc su 16n
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Bdng 2: Néng d6 CO (%) trong thanh phan khi chdy trén cdc xiic tic 1%TiO, - x%NiO/SiO,
(x=1;3;57, 10%)

_ 1%1i0y | 21O gm0, | 14Tio | 1%TiO- | 1%TiO,
TC 0, 1a3d) ~ g0, 10/§ir\10120/ 3%NIO/SIO, 5%NiO/ SiO, 7%Ni0/SiO, [10%NiO/SiO,
300 | 0025 | 0,05 0,05 0,06 0,12 0,05 007
325 003 | 007 0.07 0.16 0,25 0,09 016 |
350 003 | 06 0,56 0.23 0,38 0,31 04
375] 004 | 081 0.73 0.30 0,34 0,37 043
40| 005 | 075 0.70 0.20 0,18 0,15 035
5] 005 | 046 0,35 0,11 0,06 0,05 018 |
450| 005 | 000 0,30 0,04 0,00 0,01 005 |

tai tinh thé cdu tric 3 chiéu 16 rong mao quan
trung binh (v6i dé tinh thé cao) vA phuong phip
kinh hién vi dién tir truyén qua (TEM) xdc dinh
kich thudc va hinh dang 16 dac trung cla tinh
thé Silica c6 cau tric Ia3d dudng kinh mao quan
dao dong G 9, nm. Cdc két qua nghién citu
bing phuong phap hdp phu - giai hap nito (BET)
ciing da xdc dinh dugc dién tich bé mat rat phi
hop véi két qua phan tich XRD va BET. Két qua
nhiéu xa Ronghen (XRD) & géc rong chimg
minh ring trong qud trinh tdm, TiO, va NiO da
dugc giai déu trén bé mat cac héc cna vat ligu
Silica Ja3d. Khi ham lugng 16n (mau 7%NiO va
10%Ni0) di xuat hién cdc vi tinh thé NiO trong
16 clia céc vat liéu Silica Ja3d.

Xét vé y nghia méi trudng, cac hé xic tic
t6ng hgp dugc ¢4 hoat tinh t&t cho phéan tmg oxi
hod xiic tic LPG. Ching t6i nhan thdy ring hé
xtc tic 1%TiO,-5%Ni0O/SiO, (Ia3d) 1a phi hop
nhét dé 1am xuc téc cho phin ing oxi héa hoan
toan LPG & 450°C v6i do chuyén héa

Tdc gid lién hé: Truong Pinh Puc
Trudng Dai hoc Kinh t€ Qudc dan
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hidrocacbon 1a 100%, néng d¢ CO trong sén
phim chéy dat 0%.
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