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TONG HOP VA NGHIEN CUU DAC TRUNG CUA VAT LIEU
SBA-15, SBA-16

PénToa soan 11-8-2008

NGO THI THUAN, PHAM DINH TRONG
Khoa Héa Hoc, Dai hoc Khoa hoc Ty nhién - DHQG Ha Noi

ABSTRACT

SBA-15 and SBA-16 materials have controllable pore size and thick pore walls as well as
much higher hydrothermal stability than M41S-type materials. They were prepared under acidic
condition using Pluronic P123 (PEO,,PPO,,PEO,,) and FI127 (PEO,xPPO,PEO,y) as the
structure-directing agents and tetraethylorthosilicate TEOS as the silica source, as described by
Zhao et al [1] with the addition of inorganic salt. The samples were characterized by XRD, SEM,
TEM, and BET techniques. It is revealed that SBA-16 has more excited properties than SBA-15
with cage-like pore and 3-D pore channel. But somehow it is more difficult to synthesize SBA-16

and investigate the structure of it than SBA-15.

- MO PAU

Vat liéu mao quan trung binh (MQTB) véi
kich thudc mao quan rong hon va do bén nhiét
tot hon so véi vat lieu M41S dugc tong hop véi
chat hoat dong bé mat khong ion Pluronic
(EO,POEO,) nam 1998. Nhiing vat liéu silica
méi nay duoc ki hiéu 1a SBA-n (Santa Barbara)
v6i cdu tric luc lang 2 hoac 3 chiéu (SBA-2, 12,
3, 15) va lap phuong (SBA-1, 6, 16) [2]. Trong
cong trinh nay, ching toi da di vao téng hop va
nghién cttu dac trung cta 2 vat liéu SBA-15 va
SBA-16, 1a 2 vat liéu ndi bat nhit trong ho vat
lieu SBA. Do su thuy phan va ngung tu ctla tién
chat silica & nong do axit cao (pH < 1) kha
nhanh nén d6i khi dan t6i mot ciu tric mao
quan trung binh kém trat tuw hon [3]. Vi vay,
chiing toi da thém vao muoi vo co (NaCl) trong
qud trinh téng hgp nhim tao ra mot ciu tric trat
tu hon. Diéu nay c6 thé do sy déng gép clia ion
CI' lam tang cuong su tuong tdc gilta copolime
Pluronic khong ion va oligome tao ra bdi su
thiy phan va ngung tu cla tién chat silica theo
co ché S'XT" (S: surfactant, X: halogen, I:
Inorganic).

II - THUC NGHIEM

1. Téng hop

Hoa tan 1,4 g P123 (hodac 1 g F127) vao
trong 60 ml H,O sau d6 thém khoang 3 ml HCI
dé diéu chinh pH nam trong khoang 0-1, thém
vao khoang 1 g NaCl. Khudy déu dén khi dung
dich dong thé, sau d6 nhd tir tr 3 ml TEOS
((C,H50),Si) vao, khudy déu va giit & nhiét do
40°C trong 24 h. Sau d6 14y hon hgp thu duge
cho vao autoclave 0 & nhiét do 100°C trong vong
2 ngdy. Ldy san pham ra & dang gel va loc rira
v6i nudc cat sau d6 dem lam kho trong tu say &
80°C qua dém. Nung chat di sdy ta thu dugc san
phdm 1a SBA-15 va SBA-16.

2. Phuong phap vat ly

Nhiéu xa tia X (XRD) dugc do & ving goc
hep 0,5 - 10° st dung 6ng phat CuK,, hién vi
dién tr quét (SEM) do trén mady CMS — VNU
—_ HN tai PHKHTN DHQG HN, hién vi dién tir
truyén qua (TEM) do tai Vién Vé sinh Dich té.
Giai hap phu N, do ¢ 77 K tai Truong Dai hoc
Béch khoa Ha Noi, dién tich bé mat dugc tinh
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theo phuong phép BET da diém trong ving ap
suat tuong d6i 0,05 - 0,2, phan bd 16 duge tinh
theo phuong phdp BJH, thé tich vi 16 duoc tinh
theo phuong phdp t-plot v6i do day 16p hap phu
dugc tinh theo phuong trinh:

1/3
t(nm) = 0.354 {L} .
In(p./ p)

11 - KET QUA VA THAO LUAN
1. Phuong phap nhiéu xa tia X xac dinh dac

trung cho nhém khong gian caa vat lieu SBA

Véi SBA-15 (hinh 1), ching t6i thu dugc
cc pic tng véi d 1a 109,66, 62,38, 53,33 A
(hinh 1) véi ti 1& 1a 109,66: 62,38: 53,33 ~ 2:
(2/\/5): 1 twong tng v4i cdc mat phan xa dau
tién (100), (110), (200) cta cau tric luc lang

Mau SBA-15-1

Hinh 1: Gian d6 XRD cta SBA-15

2. Xac dinh hinh dang va Kich thuéc hat bang
phuong phap SEM

Nhin vao anh SEM cua mau SBA-15 ta thay
mau nay cé dang soi (hay dang ong) xac dinh
ndi dudi nhau v6i kich thudéc nhd hon 1 pm,
duoc tao thanh nhd su t6 hop cua rét nhiéu cac
vi ban (gia) tinh thé & dang luc lang. Con SBA-
16 ¢6 kich thuGc hat khoang 10 um va khong c6
hinh dang x4c dinh. Nhu vay, SBA-15 c6 kich
thudc hat dong déu va nho hon so v6i SBA-16
(hinh 3). Thong thudng, qua két qua SEM, viéc
diéu ché vat lieu c6 thé coi 1a thanh cong khi
céc hat sdp xé&p c6 cdu tric va c6 hinh dang xéc
dinh. Trong vat liéu nano mao quan thi dién tich
bé mat chl yéu 1a ctia phdn mao quan bén trong,
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P6mm.

Vé6i SBA-16 (hinh 2) thi c4c pic thu duogc
tng v6i ti 1& d 1a 110,346 : 74,463 : 60,039 ~
\/§ : \/E :1 tuong ng vGi cdc mat phan xa diu
tién (110), (200), (211) cta céu tric 1ap phuong
tam khoi Im3m.

Thong s t€ bao mang a clia cdu trdc tinh
thé thu dugc bing céc phuong trinh phu thuoc

theo timg loai nhém khong gian : a=/Qnu .dyy
(h, k, 11a cdc chi s6 Miller).

Vé6i Qua= h*> + k> + I cho SBA-16, va
Qna =4( h® + K>+ hk )/3 cho SBA-15 [4]. Do d6
agnrs = 2/+/3=10,96.2//3 =12,65 nm, ag,.
o=d. N2 =11,03. V2 =15,6 nm.

Mau SBA-16

2-Theta - Scale

Hinh 2: Gian d6 XRD cua SBA-16

tuy nhién van c6 su déng gép mot phan cua dién
tich bé mat ngoai. Do d6, su nho hon vé kich
thuGc hat cia SBA-15 so véi SBA-16 ciling l1a
mot trong nhitng nguyén nhan khién SBA-15
thuong ¢6 dién tich bé mat 16n hon SBA-16.

3. Xac dinh cau tric cia SBA bang phuong
phap TEM

Bing phuong phap kinh hién vi dién tir
truyén qua TEM c6 thé thdy dugc su khdc nhau
vé cdu tric cua 2 vat liéu nay. Véi SBA-15, khi
nhin cat ngang v6i bé mat cla vat liéu, ta thay
rang mao quan c6 kich thuéc kha dong déu va
cdu tric cha SBA-15 la dang luc lang (t6 hop
clia 6 vung trang); con khi nhin vuong géc véi
bé mat vat liéu, ta thdy kénh mao quan mot



Hinh 4: Hinh anh TEM cua SBA-15 khi nhin ngang bé mat (bén tréi) va
vuong géc véi bé mat (bén phai)

chiéu nam song song véi nhau rat dong déu
(hinh 4). Véi SBA-16 (hinh 5), mao quan ciing
¢6 kich thudc rat dong déu. Cdc ving mau trang
chinh 12 mao quéan cta vat liéu nim cach déu
nhau tuong tng v6i cdc dinh cua hinh lap
phuong nhin theo mat phan xa (100), vung den
la thanh mao quan cua SBA-16.

Dua vao hinh anh TEM ta ciing do dugc
kich thudc mang t€ bao co s& luc lang cua SBA-
15 1a khoang 11,5 - 13 nm va dang cubic (1ap
phuong) cua SBA-16 1a 13-16 nm, kha phu hgp
v6i tinh todn tir phuong phép nhiéu xa tia X.

4. Xac dinh hinh dang mao quan, dién tich bé
mat, Kich thuéc mao quan va do day
thanh mao quan bang phuong phap giai
hap phu dang nhiét N, 6 77K

Hinh 5: Hinh anh TEM cta SBA-16

DPuong dang nhiét hap phu vat 1y N, clia céc
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mau SBA dugc do ¢ 77 K déu thudc loai IV theo
phan loai cia IUPAC dac trung cho cdc vat liéu
MQTB. SBA-15 thudc phan loai H1 dac trung
cho mao quan dang hinh tru, con SBA-16 thuoc
phan loai H2 dac trung cho mao quan dang lo
muc- “ink-pot”(hay con goi la dang 16ng-

Isotherm Linear Piot

Cuanity Adsorbed fam'ig STP)

o3 oz os
Fa'ative Presaure (PP

“cage”) [5] (hinh 6). Duong cong tré ctia SBA-
15 c¢6 2 duong dang nhiét hap phu va gidi hap
gan nhu song song trong khi duong cong giai
hap cta SBA-16 d6c hon nhiéu so véi dudng héap
phu nén 2 dudng cong nay khong song song véi
nhau [6].
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Hinh 6: Puong cong hap phu déng nhiét N, ctia SBA-15 (bén trédi) va SBA-16 (bén phai)

Duodng cong tré cia SBA-15 bét ddu ngung
tu & dp sudt twong déi (0,5) 16n hon so vGi SBA-
16 (khoang 0,42) néi lén rang SBA-15 ¢6 kich
thuGc mao quan 16n hon so v6i SBA-16.

Su phan bd kich thuéc mao quan cua 2 vat

BUH Desarption dVidw Pore Valume
Standars

Pore Vokume {ang A

1 /A
+ \

\ .

liéu SBA-15 va SBA-16 & hinh 7 cho thdy mao
quan co kich thuée rat dong déu.

Céc thong s6 vé duong kinh mao quan, dién
tich bé mat, do day thanh mao quan, thé tich
16,... cua SBA-n dugc ghi & bang 1.

Saraan

R —)

Hinh 7: Su phan b6 kich thudc 16 theo BJH ciia SBA-15 (bén trdi) va SBA-16 (bén phai)

Do day thanh mao quan dac trung cho ting
vat liéu thudéc nhém khong gian khac nhau
P6mm va Im3m 1an lugt 1a Wegs 5= agpa 15-D, va

Wspa16= \/§ agpa-16/2 — D, [7].
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Nhu vay, ta thdy rang SBA-n déu c6 dién

tich bé mat tuong doi 16n, trong dé6 SBA-15 c6
kich thuéc mao quan va dién tich bé mat riéng
16n hon SBA-16. SBA-16 c6 thanh mao quan



day hon SBA-15, nhd vay ma do bén nhiét va
thuy nhiét cia SBA-16 16n hon so véi SBA-15.
Su khéc nhau vé do day thanh mao quan (SBA-
16> SBA-15) 1a do F127-chit diéu ché€ SBA-16
¢6 phan ua nuéc (chudi PEO (y=106)) dai hon
rdt nhi€u so v6i 6 P123-chat diéu ché ra SBA-15
(y=20) ( phan wa nuGc chinh 1a phan ma lién két
véi silica vo co qua ion halogenua dé hinh thanh
nén thanh mao quan theo co ché S'XT") [8].

Mot dac diém khac clia vat liéu SBA so véi

MCM (Mobil Composition of Matter) la ching
con ¢6 cdc vi mao quan ton tai bén trong thanh
mao quan két noi cic MQTB lai v6i nhau do su
tham nhap cta chudi PEO ua nugc vao thanh
silica [9]. % thé tich vi 16 cha 2 vat liéu la:
Vi Vi = 7,17% (v6i SBA-15) va 22,07 % (v6i
SBA-16). Vay la thé tich vi 16 clia SBA-16 16n
hon SBA-15, diéu nay la do chudi PEO trong
F127 dai hon P123 nén kha nang tham nhap vao
thanh mao quan dé tao ra vi 16 ctia F127 cao hon
P123.

Bdng I: Cac két qua dac trung cho vat liéu SBA-15 va SBA-16

Vatlieu | Sger,m’/g | V,cm’/g | D,, nm d,;, N A, nm W,nm | V. cm’/g
SBA-15 795 1.395 6,3 10,96 12,65 6,35 0,109
SBA-16 693 0.6795 4,2 11,03 15,60 9,30 0,150

Trong do: Sger 12 dién tich bé mat theo BET, V, 1a téng thé tich 18, D, la duong kinh mao quén, d,,, 1a khoang

céch gilra cac mat phan xa, a la thong s0 t&€ bao mang co sd, W 1a do day thanh mao quan, V

IV - KET LUAN

SBA-15 va SBA-16 c6 cau tric thuoc nhém
d6i xing khong gian khiac nhau, tuong tng 1a
P6mm va Im3m. XRD cta SBA-15 véi 2 vai phu
thuoc mat phan xa (110) va (200) thé hién rd
rang vGi cuong do mat (110) 16n hon (200),
trong khi d6 2 vai tuong Gng vGi mat phan xa
(200) va (211) cta SBA-16 ¢6 cuong do yéu hon
va ti 1& v6i mat (110) ¢6 hoi 1éch mot chit so véi
ciu tric lap phuong tam khéi. Hinh anh SEM
cho biét SBA-15 diéu ché& duoc c¢6 hinh dang hat
xéc dinh, dong déu hon SBA-16, anh TEM cho
ta nhan dién cau tric cua SBA-15 dé dang hon
SBA-16. Do vay, viéc tong hop va xdc dinh cau
trdc cia SBA-15 ciing tuong do6i dé dang hon so
v6i SBA-16. Tuy nhién, véi cau tric 1ap phuong
tam khoi, h6c mao quan rong, thanh mao quan
ddy, va c¢6 kénh mao quan 3 chiéu dan xen két
ndi v6i nhau qua cac vi mao quan thi SBA-16 lai
c6 tinh chat thd vi hon so v6i SBA-15 (kénh
mao quan mot chiéu). C6 1& chinh vi viéc tdng
hop va xédc dinh cdu tric khé khan hon nén tuy
¢ cdu tric thd vi hon nhung SBA-16 lai chua
duoc nghién ciu rong rai va ting dung nhiéu nhu
SBA-15.
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