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ABSTRACT

The effect of some factors on the formation of mesoporous structures of SBA-15 was
investigated. SBA-15 materials were prepared by using block copolymer EOQ,y)PO7pEO,, (P123) as
structure-directing-agent, tetraethoxysilane (TEQS) as silica source, and concentrated HCI
aqueous solution as acid source. Three series of samples were prepared to study the change trend
of mesoporous structure by the variations of ratios of HCI/TEOS, P123/TEOS, H,O/TEOS. The
resulting SBA-15 materials were characterized by TG-DSC, XRD, N, physical sorption isotherms.
The experiments shows that HCIITEOS, P123/TEOS, and H,O/TEOS in the range of 7.74 - 15.5;
032 - 043; 12293 - 15981, respectively could provide a highly ordercd mesoporous material

with high surface areas.

I- DAT VAN DE

Ho vit liéu mao quan trung binh trat tu SBA
da hdp dan nhiéu nha nghién ciu vi thanh mao
quan day, kich thuéc mao quéan 16n hon, bén
nhiét hon, dé dang loai bo chat dinh hudng cdu
tric khong ion hon ho M41S [1]. Nhiéu nghién
ctu bién tinh bé mat oxit silic bang cac kim loai
nhu Ti, Fe, V.. [1, 2] nhim thu duoc c4c vat liéu
xlc tac khac nhau di duoc cong bé. Tuy nhién
da s6 cdc nghién ctru nay déu dua trén chat nén
vat liéu SBA-15 doi hdi luong ti 1€ mol
P123/nguén silic cao (P123/Si0, = 1,3 - 2,1 theo
khoi luong) va duoc tng hop trong méi trudng
axit manh [2,3]. Rat it cong trinh nghién citu vé
t61 wu hod cdc thanh phén trong gel téng hop
SBA-15 va dic biét, lam thé nao dé gidm thiéu
lugng P123 st dung la van dé c6 y nghia 1én vé
mat kinh t€, ciing nhu giam thiéu luong axit dé
dé ki€m sodt c4u tric cha vat liéu. D. Li va cong
su [4] da giai quyét vdn dé nay bang cich st
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dung doéng thoi cdc chat dinh huéng cdu tric
(DHCT) dang anion cung véi P123 trong SBA-
15. Kleitz va cong su [5] di dung butanol lam
chat dong mixen (Co-miceller) dé ~idm ham
lugng axit trong SBA-16.

Trong nghién ciu nay ching t6i trinh bay
két qua nghién citu ki€m sodt cdc thanh phin
chia hé kinh dién TEOS-P123-H,0-HCI thong
qua viéc khédo sit cic yéu t6 anh hudng quan
trong nhu cac ti 1&é HCI /TEOS, H,O/TEOS,
P123/TEOS dén qua trinh tao phz mao quan
trung binh luc lang SBA-15 d€ tim ra diéu kién
t6i wu téng hop ching, ma khong sir dung them
hod chit nao khéc.

II - THUC NGHIEM

Nguon silic 12 tetraethoxysilane (TEOS,
Aldrich, 99 %). Chat BHCT la P123 [poly

(etylen glycol)-poly (propylene glycol)-poly



(ethylene glycol)] (Aldrich, 99%).Vat liéu SBA-
15 duoc téng hop theo bai bao trudc day [6]. Dé
t6i wu hod cac thanh phian hé H,0-P123-TEOS,
chiing t6i téng hop cdc mau xic tdc c6 thanh
phdn nhu bang 1. Qui trinh t6ng quéat nhu sau:
hoa tan P123 vao 30 mL nudc dén khi dung dich
trong sudt. Sau dé thém dung dich axit, khudy
cho dén khi thu duge dung dich 1. Thém tir tr
TEOS vao dung dich 1, khudy co manh & 40°C
trong 2 gid. Chuyén toan bo gel vao binh Teflon
va khudy nhe trén mdy khudy ti trong 24 gid dé
tao thém médm két tinh. Sau dé chuyén binh
Teflon vao ta lam gia trong 24 gid. Loc rira két
tia cho dén khi nude cdt khong con ion Cl (thu
bing AgNO;). Sdy kho thu duoc tién chat SBA-
15. Nung tién chat SBA-15 & 550°C trong 10 gidy
thu duoc san phdm. Su thay déi clia tién chat
theo nhiét do dugc nghién ciu bang phuong
phdp TG-DSC (Setaram, Dic). Thanh phan pha
mao quan trung binh dugc dac trung bang nhiéu

xa tia X & gbéc nho (XRD, D8, Advance,
Brucker, Phédp). Tinh chat x&p cua vat liéu duoc
nghién ctru bing do dang nhiét hdp phu va gidi
hdp nito & 77 K (Micromeritics, Hoa ky). Thé
tich réng toan bo (V) duge xac dinh tir lugng
nito hap phu & 77 K va & 4p sudt tuong déi 0,99.
Thé tich mao quan trung binh dugc xdc dinh
béng cdch 14y tich phan dudng cong phan bd
kich thuéc mao quan trong khoang 2 - 50 nm.
Thé tich vi mao quéan duoc x4c dinh tir hiéu s6
thé tich toan bo (V,) va thé tich mao quan trung
binh (V) [7]. Thanh mao quan (/) dugec xdc
dinh tlr cong thuc 1, =a,—d,, trong d6 tham
s6 &€ bao a, = —1% (véi d,q 12 khodng céch
khong gian ctia mat 100); 4, la duong kinh mao
quan, 18y gid tri cuc dai cua duong cong phan bé
kich thuéc mao quan [1].

Bdng 1: Ky hiéu va thanh phan ctia cdc mau trong gel téng hop ban dau

Anh huéng cta ti s6 HCI/TEOS
Tenmau [ TEQS, | P123, | Nudc hoatan P123, | 70 ml HCI, Ti s6 HCI/TEOS
mL g mL M (mol/mol)
S 10 4 30 1,00 15,5
S2 10 4 30 0,50 7,74
S3 10 4 30 0,05 0,77
sS4 10 4 30 0,00 0,00
Anh hudng cta ti s6 P123/TEOS
Tenmiu | TEOS | pla3 | NuSchoatanP123, o Ti s6 P123/TEOS
mL (g/g)
S 10 4 30 1,00M 0,43
S5 10 3 30 1,00M 0,32
S6 10 2 30 1,00M 0,21
S7 10 1 30 1,00 M 0,11
Anh huéng cta ti s6 H,O/TEOS
Tenmau | TEOS | P123 | Nudc hoa tan P123 AX;‘I\?CI Ti 6 H,O/TEOS
(mol/mol)
S5 10 ml 3 30 70 ml 122,93
S8 10 ml 3 30 100 ml 159,81
S9 10 ml 3 30 150ml 221,28
S10 10 ml 3 30 200 ml 282,74
SI1 10 ml 3 30 250 ml 344,20
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111 - KET QUA VA THAO LUAN

1. Qua trinh phan huy nhiét cua tién chat
SBA-15

Tién chat SBA-15 1a chat rdn sau khi két
tinh chita bén trong né chit hoat dong bé mat.
Nung tién chat nay sé thu duoc SBA-15. Hinh 1
trinh bay gian d6 phan tich nhiét cia TG-DSC
cla P123 va tién chdt SBA-15. Gian dé TG-TSC
ctia P123 cho thdy ¢6 mot pic toa nhiét ti trong
khodng nhiét do tir 150 dén 400°C véi dinh pic
trung tam & 273 va 358°C. Pic toa nhiét nay cé
thé 12 do su chdy hoac (va phan huy) chét dinh

huéng cdu tric P123. Do th cha pic « nh,lét
chimg t6 polymer P123 ¢6 phan t(r lugng kém
déng nhat. Gian d6 TG-DSC cua tién chat 'SBA:
15 ciing quan st thdy 2 pic tod nhiét. Pic toa
nhiét sic, nhon & 230°C va pic hoi tu & 360°C.
Hai pic toa nhiét nay c6 thé lién quan dén su
chay hoic (va phan huy) cta P123. Gian dO'TG
cho thdy & trén 500°C toan bo P123 da bi loai bo
hoan toan. Tir két qua phan tich nhiét, ching t6i
dé nghi ché do nung nhu sau: t6c do nung
10°C/phit; khi nhiét do nung dat 250°C, gl
nhiét do trong 1 gidr dé loai bd phédn lén P123;
sau d6 nang nhiét do lén 550°C trong 8 gio thi
thu duoc SBA-15.

DSC TG 6 DSC
40 - 20 - B r 60
Lo
10 N F 50
230°C
304 20 o o~
~ 9 0 | -
s g & 40 %
2 g F &
z F40 € 2 104 Lao| =
S £ = o 3
a | 20 x = 360°C 2
3 F gz 204 =
) Leo 2 = r2
E+f 304 o
‘0:010 = -80 €
z 40 [
rO
-100 504 .
0 T T T Jﬁ T T T T -10
200 400 600 800 0 200 400 600 800 1000
Nhiét do (°C) Nhiét do ("C)
Hinh 1: Gian d6 TG-DSC cua P123 (A) va cua tién chat SBA-15 (B)
g 8
_ £ 8 B
A =N=)
- - O
1 \/KEL >
& st & J
o o |
o 4 el
£ £
g 4
3 | S2 3 S5
s3 1 \/
i S6
S4 \—’g_‘__ S7
0 1‘5 é i é 1I0 T 1 T T T 1
0 2 4 6 8 10
2 theta (d9) 2 theta (do)

700

Hinh 2: (A) XRD cta cic méu téng hop trong diéu kién thay déi ti le HCl /TEOS;
(B) XRD cua cdc mau téng hop trong diéu kién thay déi ti 1¢ P123/TEOS



2. Anh huéng cta ti lé HCYTEOS trong gel
tong hop ban dau

Theo Huo [8], vat liéu SBA-15 duge hinh
thanh theo duong phan tng (reaction pathway)
N°H*XI" trong d6 N la dang khong ion cia
P123; X céc dang anion (Cl') va I la dang silic.
Dudng phan tng cho thay qua trinh hinh thanh
vat liéu truée hét do su proton hod bé mat PEO
va PPO ctia P123, do d6 yéu t& ndéng do H* hay
ti s6 HCI/TEOS s€ rdt quan trong trong viéc
quyét dinh su tao thanh mao quan trung binh.
Gian d6 XRD (hinh 2 A) cho thdy khi ti s6 mol
HCI/TEOS tang déan thi cdc pic dac trung cua
mao quan trung binh dang iuc lang (100), (110),
va (200) cang xudt hién ré nét (tir mau S4 dén
méu S2), sau d6 néu ti€p tuc tang thi cudng do it
thay déi (méu S1). Nhu vay c6 tén tai mét néng
do6 H* ndo dé dé su hinh thanh ciu tric mao
quan 1a thuan loi nhit. Trong nghién cttu nay
ching t6i nhan thdy miu S1 va S2 cho két qua
tét nhat. Ti s6 HCI/H,O cta mau S1 duoc giit c¢6
dinh cho nghién citu tiép theo.

3. Anh huéng caa ti 1¢ mol P123/TEOS

Hinh 2B trinh bay XRD cla cdc miu téng
hop trong diéu kién thay déi ti Jé mol
PI123/TEOS. C6 thé thay rang khi ti s6 mol
P123/TEOS tang thi cudong do cdc pic dac trung
cho hé mao quan trung binh luc lang tang. Tuy
nhién khi ti 1& P123/TEOS = 0,43 (mau Sl1) thi
cuong do pic lai giam. Diéu nay ching to cé ton

tai mot khoang ti 16 P123/TEOS t6i uu cho su
hinh thanh mao quan trung binh, & day la
khoang 0,21 - 0,32. Ti 1& P123/TEOS 1én hon
hay nho hon gia tri ndy déu 12m cho cdu tric
mao quan kém trat ty. K&t qua nay cé thé duge
giai thich 1a do cdc chdt dinh hudng cau tric khi
hoa tan trong dung méi thuong phai dat mét gia
tri néng doé nao dé méi cé thé tao thanh mixen.
Mit khiac s6 mixen nay phai tuong ung vdi
nguon silicat theo duong phan tng N°H*XI". Do
dé véi mot thé tich gel nhat dinh thi ham lugng
chat dinh hudng cdu tric sé dao dong trong mot
khoang nao dé dé c6 thé tao mixen t6t nhat.

4. Anh huéng cua ti lé mol H,O/TEOS

Hinh 3A trinh bay XRD cua cdc mau SBA-
15 téng hop trong déu kién thay déi ti lé
H,O/TEOS. K&t qua cho thdy cudng do cua pic
dac trung cho mao quan trung binh (100) 1a ham
s6 cua ti 1& mol H,O/TEOS. Khi ti & nay trong
khoang 122,93-159,81 thi cdc pic (100), (110)
va (200) c6 do6 phan giai cao ching to vat liéu
thu SBA-15 thu dugc c6 cdu tric mao quan
trung binh dé trat tu cao. Tuy nhién khi tiép tuc
tang ti 1é nay thi cudong do va do phan giai cua
céc pic lai giam ching to vat lieu thu dugc kém
trat tu. Nudc khong nhitng déng vai tro dung
moi dé tao mixen ma con la cdu tir tham gia
phan tng thuy phan, cdc dang silicat sau khi két
tu 1én cac mixen sé ti€p tuc ngung tu. Cdc phan
itng xay ra thuan nghich:

==Si—O0H+ R—OH
(D

=S5i—0—Si=1R—0F (2)

thuy phan
= S1—OR +H,0
este héa
L ngung tu
== S1—O0R + HO—Si==
ruou phan
- . ngung tu
— S1—O0OH+HO—Si= &
thuy phan

Viéc gia tang ti 1& nudc/TEOS dong nghia voi
viéc giam ti 1é P123/TEOS, vi th¢ dan dén lam
giam do trat ty cua pha mao quan trung binh.

Tinh chat x6p clia miu S5 duge nghién citu
bang cich do dang nhiét hap phu nitrogen & 77K
va dugc chi ra trong hinh 3B. Puong dang nhiét
nay thudc loai IV theo phan loai IUPAC va c¢é

=S5i—0—gi=, H,0 (3)

dudng tré kiéu H/ tiéu bi€u cho vat liéu mao
quan trung binh. D61 véi trudng hop SBA-15
nhanh hdp phu va khir hdp phu gin nhu song
song v4i nhau va vudng géc véi truc hoanh (kiéu
H1). biéu nay c6 nghia la mao quan trung binh
cua vat liéu khd dong nhat. Két qua nay ciing
phti hop véi két qua XRD cho thdy ca ba pic dat
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trung (100), (110) va (200) c6 do phan giai cao.
Cidc dac trung cta tinh chat x6p trinh bay & bang
2. K&t qua XRD va phan tich hap phu dang nhiét
nitd cho thady vat liéu thu duge ¢6 dién tich bé
mat cao (> 600 m?¥/g), c4u triic mao quan hé luc
lang déng déu. Cic két qua vé tinh chat vat ly

cta SBA-15 thu dugc cling tuong duong v6i cac
cong bo gan day cla céc tac gia khic [3, 4)- Tuy
nhién déu dang chid 12 bing cdch kiém sodt céc
diéu kién tong hop, chiing ta cé thé gidm thiéu
lugng P123 va ndéng do axit st dung so V@i céc
nghién ciru trude day.
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Hinh 3:(A) Anh hudng cua ti 1€ H,O/TEOS dén su tao thanh pha mao quan trung binh luc lang; (B).
DPuong dang nhiét hap phu-giai hap phu diang nhiét nito cia miu S5

Bdng 2. Tinh chat x6p cia SBA-15

X dIOO’ ao» d y ’n" SBET Slue.\" Smi('! Vmcs! Vmic’

Mau A A A A m’ g ml.g" mz.g'l mJ.g'] mJ.g'l

SBA-15|104,40| 120.60 72,20 43,40 626,00 511,90 114,10 1,17 0,05
IV - KET LUAN K. Z. Hossain, S. B. Halligudi, M. Hartmann

P3a nghién ctu anh hudng cua céc ti 1é
HCI/TEOS, H,O/TEOS, PI123/TEOS dén qua
trinh hinh thanh mao quan trung binh SBA-15.
Bing cdch diéu chinh hop 1y cdc ti 1é néu trén ¢
thé thu dugc vat liéu mao quan trung binh hé luc
ling c6 do trat ty va dién tich bé mat cao. Két
qua nghién ciu nay cho phép hiéu rd hon anh
hudng cia cac yéu t6 dén qua trinh hinh thanh
vat lieu SBA-15 va la co s& 1y thuyét dé thuc
hién su bién tinh bé mat SBA-15 béang cac kim
loai chuyén ti€p véi muc dich téng hop vat liéu
Me-SBA-15.
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