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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 EO20PO70EO20 (P123) as 
structure-directing-agent, tetraethoxysilane (TEOS) as silica source, and concentrated HCl 
aqueous solution as acid source. Three series of samples were prepared to study the change trend 
of mesoporous structure hy the variations of ratios of HCl/TEOS. P123/TEOS. H.O/TEOS. The 
resulting SBA-15 materials were characterized by TG-DSC, XRD, N2 physical sorption isotherms. 
The experiments shows that HCl/TEOS. P123/TEOS, and H^O/TEOS in the range of 7.74 - 15.5; 
0.32 - 0.43; 122.93 - 159.81, respectively could provide a highly ordered mesoporous material 
with high surface areas. 

I - DAT VAN DE 

Hg vat lieu mao qaan trung binh trat tu SBA 
da hip din nhilu nhi nghien ciiu vi thanh mao 
quin day, kich thudc mao quin ldn hem, bin 
nhiet hem, dl dang loai bd chat dinh hudng ciu 
triic khdng ion ban hg M41S [1]. Nhilu nghien 
ciiu bie'n tinh bl mat oxit silic bing cac kim loai 
nhu Ti, Fe, v. . [1, 2] nhim thu dugc cac vat lieu 
xiic tac khac nhau da dugc cdng bd. Tuy nhien 
da sd cac nghien ciiu nay diu dua tren chit nen 
vat lieu SBA-15 ddi hdi lucmg ti le moi 
Pi23/ngudn silic cao (P123/Si02 = 1,3 - 2,1 theo 
khdi lugng) vi dugc tdng hgp trong mdi trudng 
axit manh [2,3]. Rit it cdng trinh nghien ciiu ve 
tdi uu hoa cac thanh phin trong gel tdng hgp 
SBA-15 vi dac biet, lam thi nao de giam thieu 
lugng PI23 sir dung la vin d l cd y nghla ldn vl 
mat kinh te, ciing nhu giam thieu lugng axit de 
dl kiim soat ciu true ciia vat lieu. D. Li va cdng 
su [4] da giai quyet vin de nay bing each sir 

dung ddng thdi cac chit dinh hudng cau triic 
(DHCT) dang anion ciing vdi PI23 trong SBA-
15. Kleitz vi cdng su [5] da dung butanol lam 
chit ddng mixen (Co-miceller) de 'iam ham 
lugng axit trong SBA-16. 

Trong nghien ciiu nay chiing tdi trinh bay 
kit qui nghien ciiu kiem soil eac thanh phin 
ciia he kinh dien TEOS-PI23-H2O-HCI thdng 
qua viee khao sat cac yeu td anh hudng quan 
trgng nhu cac ti le H Q /TEOS, H20/rE0S, 
P123ArEOS de'n qua trinh tao pha mao quan 
trung binh luc lang SBA-15 de tim ra dilu kien 
tdi uu tdng hgp chiing, m i khdng sir dung them 
hoa chit nao khic. 

II - THUC NGHIEM 

Ngudn silic la tetraethoxysilane (TEOS, 
Aldrich, 99 %). Chat DHCT li PI 23 [poly 
(etylen glycol)-poly (propylene glycol)-poly 
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(ethylene glycol)] (Aldrich, 99%).Vat lieu SBA-
15 dugc tdng hgp theo bai bao trudc day [6]. De 
tdi uu hoa cac thinh phin he H2O-PI23-TEOS, 
chiing tdi tdng hgp cic miu xiic tac cd thanh 
phin nhu bang 1. Qui trinh tdng quat nhu sau: 
hoa tan PI23 vao 30 mL nudc din khi dung dich 
trong sudt. Sau dd them dung dich axit, khuay 
cho de'n khi thu dugc dung dich 1. Them tir tir 
TEOS vao dung dich 1, khuiy ea manh d 40°C 
trong 2 gid. Chuyen loan bg gel vao binh Teflon 
va khuiy nhe tren may khua'y tir trong 24 gid de 
tao them mim ke't tinh. Sau dd chuyin binh 
Teflon vao tii lim gia trong 24 gid. Lgc rira kit 
tiia cho den khi nude cat khdng cdn ion Q" (thir 
bang AgNOj). Say khd thu dugc tiln chit SBA-
15. Nung tiln chit SBA-15 d 550°C trong 10 gid 
thu dugc san phim. Sir thay ddi cua tiln chat 
theo nhiet do dugc nghien ciru bing phuang 
phap TG-DSC (Setaram, Du:e). Thanh phin pha 
mao quan trung binh dugc dac trung bang nhieu 

xa tia X d gdc nhd (XRD, D8, Advance, 
Brucker, Phap). Tfnh chit xdp ciia vat lieu dugc 
nghien cuu bing do dang nhiet hip phu va giai 
hip nita d 77 K (Micromeritics, Hoa ky). The 
tfch rdng toan bd (V,) dugc xac dinh tir lugng 
nita hip phu d 77 K va d ap suit tuang ddi 0,99. 
The tfch mao quan trung binh dugc xac dinh 
bing each lay tfch phan dudng cong phan bd 
ki'ch thudc mao quan trong khoang 2 - 5 0 nm. 
The tfch vi mao quan dugc xac dinh tir hieu so 
the tfch toin bd (V,) va the tfch mao quan trung 
binh (V„,|J [7]. Thanh mao quan (tj dugc xac 
dinh tir cdng thiic /^ = a^^ — d , trong dd tham 

sd te bao a^ = — 1 ^ - (vai c/,00 la khoang each 

khdng gian ciia mat 100); d^, la dudng kfnh mao 
quan, la'y gia tri cue dai ciia dudng cong phan bd 
kich thudc mao quan [1]. 

Bdng 1: Ky hieu va thanh phin ciia cic miu trong gel tdng hgp ban diu 

Ten miu 

SI 

S2 

S3 

S4 

Anh hudng cua ti sd HCIA^OS 

TEOS, 
mL 

10 

10 

10 

10 

P123, 

g 
4 

4 

4 

4 

Nudc hoa tan PI23, 
mL 

30 

30 

30 

30 

70 ml HCl, 
M 

1,00 

0,50 

0,05 

0,00 

Ti sd HCl/TEOS 
(mol/mol) 

15,5 

7,74 

0,77 

0,00 

Anh hudng ciia ti sd P123/TEOS 

Ten miu 

SI 

S5 

S6 

S7 

TEOS 

10 

10 

10 

10 

P123 

4 

3 

2 

1 

Nudc hoa tan PI23, 
mL 

30 

30 

30 

30 

70 ml HCl 

LOOM 

LOOM 

LOOM 
LOOM 

TisdP123/TEOS 

(g/g) 
0,43 

0,32 

0,21 

0,11 

Anh hudng ciia ti sd HjO/IEOS 

Ten miu 

S5 

S8 

S9 

SIO 

Sil 

TEOS 

10 ml 

10 ml 

10 ml 

10 ml 

10 ml 

P123 

3 

3 

3 

3 

3 

Nudc hoa tan PI23 

30 

30 

30 

30 

30 

Axit HCl 
IM 

70 ml 

100 ml 

150ml 

200 ml 

250 ml 

Ti sd H2O/TEOS 
(mol/mol) 

122,93 

159,81 

221,28 

282,74 

344,20 
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Ill - KET QUA VA THAO LUAN 

1. Qua trinh phan huy nhiet cua tien chat 
SBA-15 

Tien chit SBA-15 la chat rin sau khi ket 
tinh chiia ben trong nd chit hoat ddng bl mat. 
Nung tien chit nay se thu dugc SBA-15. Hinh 1 
trinh bay gian dd phan tfch nhiet ciia TG-DSC 
cua P123 va tiln chit SBA-15. Gian dd TG-TSC 
eiia PI23 eho thiy ed mot pic toi nhiet tii trong 
khoing nhiet do tir 150 de'n 400°C vdi dinh pic 
trung tam d 273 va 358°C. Pic toi nhiet niy cd 
the la do su chay hoac (va phan buy) chit dinh 

hudng ciu true PI23. Do tii cua pic nhiet 
chirng td polymer PI23 cd phan tu lugng kem 
ddng nhat. Gian dd TG-DSC eua tiln chat SBA-
15 cung quan sit thiy 2 pic toa nhiet. Pic toa 
nhiet sie, nhgn d 230^C va pic hai tu d 360''C. 
Hai pie toa nhiet nay cd the lien quan den sir 
chay hoac (vi phan buy) ciia PI23. Gian dd TG 
cho thiy d tren 500°C toin bg PI 23 da bi loai bd 
hoan toan. Tir kit qua phan tich nhiet, chiing tdi 
dl nghi che do nung nhu sau: tdc do nung 
10°C/phut; khi nhiet do nung dat 250°C, giii 
nhiet do trong 1 gid de loai bd phin ldn PI23; 
sau dd nang nhiet do len 550°C trong 8 gid thi 
thu duac SBA-15. 
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Hinh 1: Gian dd TG-DSC ciia PI23 (A) va ciia tiln chit SBA-15 (B) 

\ 

• \ 

• 

(1
00

) 

L^ 

A 

SI 

S2 

• L _ _ S3 

' 1 • 1 • 

S4 
1 ' 1 ' 1 

2 theta (do) 
4 6 

2 theta (do) 

SI 

85 

S6 

S7 

Hinh 2: (A) XRD eua cac miu tdng hgp trong dilu kien thay ddi ti le HCl /TEOS; 
(B) XRD eiia eac miu tdng hgp trong dilu kien thay ddi ti le P123/TEOS 
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2. Anh hudng cua ti le HCl/TEOS trong gel 
tong hgfp ban dau 

Theo Huo [8], vat lieu SBA-15 dugc hinh 
thanh theo dudng phin iing (reaction pathway) 
N"H*Xr trong dd A'" la dang khdng ion eiia 
P123; X eac dang anion (Cl) vi /* la dang sihe. 
Dudng phan iing cho thiy qua trinh hinh thanh 
vat lieu trudc bet do su proton hoi bl mat PEO 
va PPO eiia P123, do dd yeu td ndng do H* hay 
ti so HCl/TEOS se rit quan trgng trong viec 
quyet dinh sir tao thanh mao quan trung binh. 
Gian dd XRD (hinh 2 A) eho thiy khi ti sd moi 
HCl/TEOS tang din thi eac pic dac trung ciia 
mao quan trung binh dang iuc lang (100), (110), 
va (200) cang xuit hien rd net (tir miu S4 den 
miu S2), sau dd neu tie'p tuc tang thi cudng do ft 
thay ddi (miu SI). Nhu vay ed tdn tai mot ndng 
do H* nao dd dl su hinh thinh ciu triic mao 
quan la thuan Igi nhit. Trong nghien ciiru nay 
chiing tdi nhan tha'y miu SI va S2 cho ket qua 
tdt nha't. Tl so HCl/H^O ciia miu SI dugc giii cd 
dinh cho nghien ciiu tiep theo. 

3. Anh hudng cua ti le moi P123/TEOS 

Hmh 2B trinh bay XRD ciia cae miu tdng 
hcjfp trong dilu kien thay ddi ti le moi 
pi23/rEOS. Cd the thay ring khi ti sd moi 
P123/rEOS tang thi cudng do cac pic dac trung 
cho he mao quan trung binh luc lang tang. Tuy 
nhien khi ti le P123ArEOS = 0,43 (miu SI) thi 
cudng do pie lai giam. Dilu nay chiing td cd tdn 

thuy philn 
^ S i OR + H , 0 < — 

tai mdt khoang ti le P123AEOS tdi uu cho sir 
hinh thanh mao quan trung binh, d day la 
khoang 0,21 - 0,32. Ti le P123/rEOS ldn ban 
hay nhd ban gia tri nay diu lam cho ca'u triic 
mao quan kem trat tu. Kit qua nay ed the dugc 
giai thich la do cae chit dinh hudng ciu triic khi 
hoi tan trong dung mdi thudng phai dat mdt gia 
tri ndng do nao dd mdi cd the tao thanh mixen. 
Mat khac sd mixen nay phii tuang iing vdi 
ngudn silicat theo dudng phan irng N°H*Xr. Do 
dd vdi mdt the tich gel nhat dinh thi ham lugng 
chit dinh hudng ciu tnic se dao dgng trong mdt 
khoang nao dd de cd the tao mixen tdt nhit. 

4. Anh hudng cua ti le moi HjO/TEOS 

Hinh 3A trinh biy XRD ciia cac miu SBA-
15 tdng hgp trong diu kien thay ddi ti le 
H2O/TEOS. Kit qua cho thiy cudng do ciia pic 
dac trung cho mao quin trung binh (100) la ham 
sd cua ti le moi H-,0/TEOS. Khi ti le nay trong 
khoang 122,93-159,81 thi cac pic (ioO), (110) 
va (200) cd do phan giai cao chiing td vat lieu 
thu SBA-15 thu dugc cd ciu triic mao quan 
trung binh do trat tu cao. Tuy nhien khi tiep tuc 
tang ti le nay thi cudng do va do phan giii ciia 
cac pic lai giam chirng td vat lieu thu dugc kem 
trat tu. Nudc khong nhii'ng ddng vai trd dung 
mdi de tao mixen ma cdn la ciu tir tham gia 
phan irng thuy phan, cac dang silicat sau khi kit 
tu len cac mixen se tilp tuc ngung tu. Cac phan 
ling xay ra thuan nghich: 

^ 

S i OR + HO" 

este hoa 
ngung lu 

^ S i OH -I- R- -OH 

- S i = ^ I ^ ^ . q i 

= S i OH-H HO S i ^ ^ 

rucfu phan 

ngung til 

S i 0 • S i : '•+R' 

(1) 

— 0¥. (2) 

i ^ : S i - 0-
thuy phan 

Viec gia tang ti le nudc/TEOS ddng nghia vdi 
viec giam d le P123/TEOS, vi the din de'n lam 
giam do trat tu ciia pha mao quan trung binh. 

Tfnh chit xdp eiia miu S5 dugc nghien ciiu 
bing each do ding nhiet hip phu nitrogen d 77K 
va dugc chi ra trong hinh 3B. Dudng ding nhiet 
nay thudc loai IV theo phan loai lUPAC vi cd 

" S i ^ - h H 2 0 (3) 

dudng tre kieu HI tieu bieu cho vat lieu mao 
quin trung binh. Dd'i vdi trudng hgp SBA-15 
nhanh hip phu va khir hap phu gin nhu song 
song vdi nhau vi vudng gdc vdi true hoanh (kieu 
HI). Dilu niy cd nghla la mao quan trung binh 
ciia vat lieu kha ddng nhit. Kit qua niy ciing 
phii hgp vdi ket qui XRD cho thiy ca ba pie dat 
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trung (100), (110) va (200) cd do phan giai cao. 
Cac dac trung ciia tinh chit xdp trinh biy d bang 
2. Kit qua XRD va phan tich hip phu ding nhiet 
nita cho thiy vat lieu thu dugc cd dien tfch be 
mat cao (> 600 m"/g), ciu true mao quin he luc 
lang ddng diu. Cae kit qua vl tfnh chit vat ly 

ciia SBA-15 thu dugc cQng tuong duang vdi cac 
cdng bd gin day ciia cic tic gii khac [3, 4]. Tuy 
nhien diu ding chii l i bing cich kiim soil cac 
dilu kien tdng hgp, chung ta cd the giam thieu 
lugng P123 vi ndng do axit sir dung so vdi cac 
nghien ciiu trudc day. 
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Hinh 3: (A) Anh hudng ciia ti le H2O/TEOS de'n sir tao thinh pha mao quan trung binh luc lang; (B). 
Dudng dang nhiet hip phu-giii hip phu dang nhiet nita ciia miu S5 

Miu 

SBA-15 

" l O O ' 

A 

104,40 

" 0 . 

A 

120.60 

Bdng 

A 
72,20 

2: Tinh chit xdp ciia 

A 
43,40 

•JBET> 
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626,00 

SBA-15 
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2 -1 

m .g 
511,90 

2 -1 m .g 
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V 
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1,17 

V 
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0,05 

IV - KET LUAN 

Da nghien ciiu anh hudng ciia cac ti le 
HCl/TEOS, H20/rE0S, P123ArEOS din qua 
trinh hinh thanh mao quan trung binh SBA-15. 
Bing each dilu chinh hcrp ly cac ti le neu tren cd 
the thu dugc vat lieu mao quan trung binh he luc 
lang cd do trat tu vi dien tfch bl mat cao. Kit 
qua nghien ciiu niy cho phep hilu rd ban anh 
hudng ciia cac yeu td den qua trinh hinh thanh 
vat lieu SBA-15 va la ea sd ly thuylt de thuc 
hien sir bien tinh bl mat SBA-15 bing cac kim 
loai chuyen tiep vdi muc dich tdng hgp vat lieu 
Me-SBA-15. 
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