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ABSTRACT

The synsthesis of SBA-16 silica molecular sieve using block copolymer EQ ,)sPO,EO 46
(F127) as structure-directing-agent, SiO, prepared from rice husk as silica source and using
copolymer blends was investigated. Three series of samples were prepared to study the change
trend of mesoporous structure by the variations of ratios of butanol/SiO,, HCI/SiO, and
PI23/F127. The resulting SBA-16 materials were characterized by TG-DSC, XRD, N, physical
sorption isotherms. The experiments show that butanol/SiO,, HCI/SiO, in the range of 0.98-2.45;
2.12-2.47, respectively could provide a highly ordered mesoporous material with high surface

areas. The pore size of SBA-16 could be varied by using copolymer blends of P123 and F127.

- DAT VAN BE

Vat lieu mao quan trung binh véi cau tric
lap phuong 3 chiéu dugc quan tam dac biét
trong Iinh vuc xtdc tdc va tach chat badi cau tric
clia né thuan 1gi cho su khuéch tdn hon 1a cac
cau tric khong dang huéng khic [1, 2]. Trong
sO cac vat litu mao quan trung binh 1ap phuong
cta dioxit silic, SBA-16 1a mdt trong nhitng vat
liéu tot nhat dé€ lam chéat mang xtc tac hay chat
hap phu vi st 6n dinh nhiét cao clia tudng thanh
mao quan va kich thuéc mao quan 16n [3]. Pha
mao quan trung binh lap phuong kiéu Im3m cla
SBA-16 duogc téng hop tir triblock copolymer
Pluronic F127 (EO,(,cPO,,EO,06) va
tetracthylorthosilicate (TEOS) dau tién dugc
Zhao va cong su cong b [2]. Cdc tham s6 tong
hop SBA-16 da duoc nghién cttu mdt cach c6 hé
théng trong cac cong trinh ctia Cho va cong su
[4], P. Van der Voort va cong su [3]. Mot trong

nhiing huéng nghién citu vé vat liéu mao quan
trung binh 12 tim va tao ra nguodn silic gid ré hon
dé thay thé alkoxit silic. Qué trinh tong hop
SBA-16 phitic tap hon SBA-15 va MCM-41 vi st
dung nhiéu hgp phéan tao nén gel hon. Do d6,
khi thay déi ngudn silic khac TEOS, can thiét
phai nghién citu ki ludng va cé hé thong.

Trong bai bdo trudc, chiing toi da trinh bay
qud trinh téng hop dioxit silic hoat tinh tir vo
trdu va da téng hop duoc MCM-41 tir nguon
silic nay [5]. Trong bai nay, cdc yéu t6 anh
hudng dén qua trinh hgp SBA-16 tir nguén silic
diéu ché tir vo trau s& dugc thao luan. Ngoai ra,
nghién cttu sy phoi tron hai loai chat dinh huéng
céu trdc khong ion P123 va F127 cling duge dé
cap dén.

Il - THUC NGHIEM

Nguoén silic 1a dioxit silic tdng hop tir vo
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trau theo quy trinh da cong b6 [5]. Chat dinh
hudng cau tric 1a P123 va F127 (Aldrich). Vat
lieu SBA-16 dugc téng hop theo [6] c6 sit dung
butalnol 1am chat dong mixen nhim lam giam
lugng axit. D€ t6i uu héa cdc thanh phan hé
HCI-F127-Si0,-NaOH, chiing t6i tong hop cdc
mau SBA-16 ¢6 thanh phian gel nhu bang 1.
Ngoai ra, ti 1& phdi hop thanh phan hai chat dinh
hudng céu tric P123 va F127 ciling dugc trinh
bay trong bang 1.

Quy trinh tdng hop nhu sau: Cho SiO, vao
50 ml dung dich NaOH 2,65 M va khudy dén
khi thu dugc dung dich trong suét (dung dich 1).

Dung dich 2 dugc diéu ch€ bing céch tron axit
HCl, H,0, F127, butanol (theo ti 1&¢ nhu bang 1)
va khudy cho dén khi thu dugc dung dich dong
nhat. Thém tu tr dung dich 1 vao dung dich 2
dong thoi khudy miénh liét & 40°C trong 2 gid.
Chuyén toan bo gel vao binh Teflon va khudy
nhe trén may khudy tir trong 24 gid dé tao thém
mam két tinh. Sau d6 chuyén binh Teflon vao tu
sy dé lam gia trong 24 gid & 100°C. Két tha
duoc loc rlra cho dén khi nuéc loc khong con
ion CI' (thir bing AgNO;). Say kho san phim &
100°C trong 24 gid sau d6 nung & 550°C trong 6
gio.

Bdng 1: Ki hiéu va thanh phan gel tdng hop

Ki hiéu mdu va luong héa chdt tong hop SBA 1 16 trong diéu kién thay doi ti s6 butanol/SiO,
Ki hiéu SiO,, F127, Butanol, Ty s6B/S Axit HC1 Nudc,
mau g g ml (mol/mol) 12M, ml ml

16S1B 4,00 3,00 0,00 0,00 16,00 152,00
16S2B 4,00 3,00 3,00 0,49 16,00 149,00
16S3B 4,00 3,00 6,00 0,98 16,00 146,00
1654B 4,00 3,00 9,00 1,47 16,00 143,00
16S5B 4,00 3,00 12,00 1,96 16,00 140,00
16S6B 4,00 3,00 15,00 2,45 16,00 137,00
16S7B 4,00 3,00 18,00 2,94 16,00 134,00
Ki hiéu mdu va cdc héa chdt tong hop mdu trong déu kién thay doi ti s6' HCl/SiO,
Ki hiéu SiO,, F127, Butanol, Axit HCI Tile Nude,
mau g g ml 12 M, ml HCI/SiO, ml
16S8A 4,00 3,00 12,00 8,00 1,41 148,00
16S9A 4,00 3,00 12,00 10,00 1,76 146,00
16S10A 4,00 3,00 12,00 12,00 2,12 144,00
16S11A 4,00 3,00 12,00 14,00 2,47 142,00
16S12A 4,00 3,00 12,00 18,00 3,18 138,00
Ki hiéu mdu va cdc héa chdt tong hop cdc mdu SBA-16 trong déu kién cé su két hop giita F127
va P123
Ki hiéu SiO,, P123 (g): Ti s6 Butanol, Axit HC1 Nudc,
mau g F127 (g) P123/F127 ml 12 M, ml ml
16S13S 4,00 0,00 : 3,00 0,00 12,00 16,00 140,00
16S14P 8,00 1,00 : 5,00 0,43 24,00 32,00 280,00
16S15P 8,00 2,00 : 4,00 0,54 24,00 32,00 280,00

Su bién ddi cta tién chét theo nhiét do dugc
nghién ciu bang phuong phdp TG-DSC (Labsys
TG/DSC Setaram, Phdp). Thanh phan pha mao
quén trung binh duogc dic trung bang nhiéu xa
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tia X (XRD, D8 Advance, Brucker, Phap). Tinh
chét x6p cua vat lieu duge nghién citu bang do
dang nhiét hdp phu va gidi hap nito & 77 K
(Micromeritics, Hoa Ky). Thé tich réng toan bo



(V,) duoc xdc dinh tir lugng nito hip phu & 77 K,
4p suét twong d6i 0,99. Thé tich mao quan trung
binh dugc xdc dinh biang cach 14y tich phéan
duong cong phéan bo kich thuGc mao quan trong
khoang 2 - 50 nm. Thé tich vi mao quan duoc
xdc dinh tir hiéu s thé tich toan bo (V) va thé
tich mao quan trung binh (V). Thanh mao
quan (t,) duoc xac dinh tr cong thic
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Hinh I: Gian d6 phan tich nhiét TG-DSC ctia F127 (a) va tién chat SBA-16 (b)

II - KET QUA VA THAO LUAN

Hinh 1la trinh bay gian d6 phan tich nhiét
ctia chét dinh huéng cau trdc F127. Pic thu nhiét
& 68°C khong c6 su mét khdi lugng 1a do xay ra
qud trinh néng chay F127 thu nhiét. Pic toa
nhiét kém theo sy mét khoi lugng hoan toan c6
thé quy cho su chdy phan huy F127. Pic toa
nhiét t ¢6 thé do F127 1a hdn hgp céc polymer
¢6 phan tir luong khac nhau.

Hoén hop chat sau khi hinh thanh con chita
bén trong chat dinh hudng cau tric, sau khi
nung & nhiét do tao thanh SBA-16 goi 1a tién
chiat SBA-16. Hinh 1b trinh bay gian d6 TG-
DSC ctia tién chat SBA-16. Pic tod nhiét 6 215°C
la do su chdy phan huy cta F127. Khic véi
truong hop khi nung F127 riéng r&, F127 & trong
cdc hoc ranh cta mao quan cé su chdy khong
hoan toan. O 375°C ¢6 pic toa nhiét, c6 thé do
su ti€p tuc chdy phan hdy cdc hodc cic dang
chay khong hoan toan cua F127. Khi nghién ctu
qua trinh phan hiy nhiét cta tién chdt MCM-41
va SBA-15, nguoi ta ciing thay pic thd hai tuong

tu nhu truong hgp SBA-16 sau pic phan huy
CTAB va P123. Sau 500°C, dudng TG hau nhu
khong thay d6i, nhu vay qud trinh tich chit dinh
huéng cdu tric xay ra hoan toan khi nhiét do
nung trén 500°C. Trong nghién ctu nay, ching
toi nung céc tién chit SBA-16 & nhiét do 550°C
trong 6 gio.

Vat liéu mao quan trung binh véi cdu tric
doi xding 1ap phuong thudng khé diéu ché hon
vat liéu cdu tric luc lang nhu 1a SBA-15 va dac
biét cdu tric mao quan kiéu long (cage like
mesophase) thudng chi dugc téng hop trong
khoéng thanh phan gel nghiém ngat. Nhiéu tdc
gia da nghién ctu dua thém cdc chat hitu co
khédc lam cdc dong tdc nhan hoat dong bé mat
dé c6 thé kiém soat duoc su thily phan clia cic
nguon silic & dang alkoxit tao thanh pha mao
quan mong mudn.

Trong nghién ctu nay, ching toi sit dung
butanol lam chat dong hoat dong bé mait trong
hé mixen. Hinh 2a trinh bay két qua XRD cua
cdc mau thay déi ti 1¢ butanol/SiO, tir 0 dén
2,94. Cau tric mao quan trung binh phu thudc
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vao ti 1& butanol/SiO, trong hén hgp ban diu.
Céc pic ¢6 do phan giai cao dac trung cho cau
tric mao quan trung binh lap phuong tam khoi
Im3m [6] khi ti 1& butanol/SiO, trong khoang
0,98 dén 2,45 theo s6 mol. Khi ti s§ nay qué cao
hoac qua thép, cac pic c6 do phan giai rat thap,
c6 thé két luan vat liéu trong diéu kién tdng hop
nay kém trat tu. Theo két qua phan tich XRD,
cdu tric mao quan trung binh 1ap phuong tam
kh6i 6n dinh va dac trung nhat khi ti s6
butanol/SiO, 1a 2,45. Butanol déng vai trd nhu
mot chit dong hoat dong bé mat, giéng nhu 1a
doéng mixen trong hé hai cdu tir d6ng polymer-
butanol, ngudi ta cho rang butanol s& dinh cu &
trén bé mat ving phéan cuc [6].
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Theo Huo [8], vat liéu SBA-16 dugc hinh
thanh theo kiéu phan tng N°H*XI* trong d6 N’
la dang khong ion ctia F127; X 1a dang anion
(CI) va I' 1a dang silic. T kiéu phén tng cho
thdy ring qud trinh hinh thanh vat liéu nay trudc
hét do su proton héa bé mat PEO va PPO cua
F127 nén yéu t6 néng do H* hay ti s6 HCI/SiO,
la rat quan trong quyét dinh sy tao thanh mao
quan trung binh. Gian d6 XRD & hinh 2b cho
thay khi s6 mol HCI/SiO, tang din thi cdc pic
dac trung clia mao quan trung binh dang lap
phuong tam khoi cang dugc quan sat rd nét, sau
d6 néu tiép tuc tang thi cudng do pic lai giam.
Trong nghién ctu nay, ti s6 mol HCI/SiO, bién
dai tir 2,12 dén 2,47 thi sy hinh thanh ciu tric
mao quan la thuan 1gi nhat.
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Hinh 2: Gian d6 XRD ctia cac mau tdng hgp trong diéu kién thay déi ti s6 butanol/SiO, (a)
va thay déi ti s6 HCI/SiO, (b)

Ngudi ta da chiing minh ring trong cau tric
lap phuong tam khoi cua SBA-16, xung quanh
mbi mao quan trong céu tric lap phuong tam
khéi ¢6 tAm mao quéan lién ké va bang ky thuat
tinh thé dién tir (electron crystallography) [9] cho
thdy rdng méi mao quan noi v6i tim mao quan
khic tao thanh hé mang lu6i da mao quan da
chiéu. Mot trong nhiing khuynh huéng nghién
cttu 12 1am thé ndo thay déi tinh chit xop cha vat
lieu nhu mong muon. Dé thuc hién diéu do6 c6
nhitng huéng nghién ctu sau: thay déi nhiét do
két tinh, kéo dai thoi gian két tinh; st dung hén
hop nhiéu chét dinh huéng cau trdc [9].
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Trong nghién cttu nay chiing t6i phoi hop
(theo s6 mol) hai chat dinh huéng céu tric 1a
F127 c6 phan tir luong 12600 véi cong thiic
EO,cPO,EO,os va P123 v6i cong thic
EO,,PO,,EO,, c¢6 phan ti luong 5800. Theo
thanh phan & bang 1, do dai trung binh cua
polyme giam din trong cidc mau theo trat tu
16S13S > 16S14P > 16S15P. Hinh 3a trinh bay
XRD clia cdc mau téng hgp vé6i su phéi tron
F127 va P123. C6 thé€ nhan thdy ring khi thém
Vao déng polyme vé6i chudi poly(etylen oxit)
ngin hon gay ra su dich chuyen céc nhiéu xa
XRD vé phia géc nhé hon diéu nay cho thdy c6



mot su gia tang tham s6 t€ bao mang nhu trinh
bay & bang 2.

Dang nhiét hap phu nito clia cic miu SBA-
16: 16S13S, 16S14P, 16S15P dugc trinh bay &
hinh 3b. Tat c4 cdc duong dang nhiét dugc dac
trung bdi cac bude ngung tu mao quan rd rang &
trong khoang ap suét tuong doi 0,40 - 0,85. Két
hop v6i két qua phan tich XRD da thao luan &
trén cho thay vat liéu téng hop dugc c6 cau triic
doéng nhat.

Dai véi tat cad cdc mau, nhanh khir hdp phu
clia ddng nhiét nito khong tring v6i nhanh hap
phu, tao ra dudng tré€ hap phu-khir hap phu nhu
trén. Trong trudng hop mao quan trung binh
kiéu 16ng, 4p suit ngung tu mao quin 12 mot
ham s6 dong bién theo dudng kinh ctia 16ng. dp
sudt bay hoi mao quan phan anh kich thudc cta
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giGi han dudi cha dudng tré). Diéu nay 12 do su
lam tréng céc phan bén trong mao quéan trung
binh ki€u l6ng khong thé xdy ra khi cdc phin
bén trong nay khong c6 mot lién hé truc ti€p dén
pha khi xung quanh xuyén qua mot con dudng
lién tuc cua pha khi. Ngoai trit truong hgp ap
suat bay hoi mao quan dat dén gidi han duéi ctia
dudng tré, tai diém nay su bay hoi cdc phan bén
trong mao quan x4y ra ngay cd mao quan két
ndi van con 1ap ddy nito nhu & dang 16ng. Do
rong dang ké cua dudong tré trong hinh cho thay
cdc miu nghién cttu c6 cau tric dic trung mao
quéan trung binh kiéu l6éng. Trong tit cd cdc
truong hop dudng tré sic canh & dp sudt tuong
doi tuong tng véi gidi han dudi cia dudng tré
(4p sudt tuong doi trong khoang tir 0,4 dén 0,6).
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Hinh 3: Gian d6 XRD ctia cdc mau tdng hgp trong diéu kién c6 su két hop gitta F127 va P123 (a);
Pudng dang nhiét hdp phu va khir hap phu nito clia cdc miu téng hgp ding F127 va hon hgp F127
va P123 (b)

Ap sudt ngung tu mao quan tang khi tang
thanh phan P123 cho thdy rang khi giam do dai
trung binh ctia chudi (EO)n da l1am ting kich
thuéc mao quan. Bang 2 cho thay kich thudc
mao quan cla cidc mau tang theo trat tu 16S13S
(58,10 A) < 16S14P (82,00 A) < 16S15P (85,00
A). Vin dé & day 1a tai sao kich thuéc mao quéan

tang khi do dai trung binh cta chudi (EO)n
giam. Ngudi ta dd ching minh ring hai dong
polymer ¢6 do dai chudi (EO)n khic nhau va
cung kich thuée poly(butylen oxit) thi s6 két tu
mixen xap xi ti 1& v6i nghich dao can bac hai s6
don vi ctia (EO)n [10]. Vay su giam s6 két tu
mixen dan dén giam dudng kinh cta 16i mixen

143



dinh huéng cau tric. Hiéu tng tuong tu c6 thé
dp dung dé gii thich cho truong hop phéi tron
P123 va F127, d6 la su tang do dai trung binh

ctia chudi PEO su giam s6 két tu mixen, két qua
la giam duong kinh cda 16i mixen dinh huéng
cflu tric, vi th€ giam duodng kinh clia mao quan.

Bdng 2: Tinh chét x&p cua vat liéu SBA-16 ding F127 va hén hop F127 va P123

Miu | dA| t.A | do A Zn";/g V, em’/g C\Iln3/g :l";/g Ii";/g iff;g
16138 | 120.90 | 13932 | 58.10 | 0465 | 0578 | 0.114 |58585| 24334 | 829.19
16S14P | 12427 | 12092 | 8200 | 0470 | 0614 | 0.144 | 4495732551 775.10
16S15P | 127.90 | 12385 | 8500 | 0223 | 0659 | 0436 |44538|394.43| 83981

Két qua tir bang 2 cho thdy ring khi ting
luong P123 sir dung thi thé tich va dién tich vi
mao quén tang. Piéu nay c6 thé giai thich do
phan tir luong P123 chi bing mot nira F127 nén
tang thanh phan P123 nghia 1a gia tang mat do
nhém (EO)n trén mot phan t&r chat dinh hudng
céu trdc dan dén tang vi mao quan. Tinh chat
xOp cha vat liéu SBA-16 téng hgp tir ngudn silic
diéu ché tir vo trau c6 cdu triic mao quan trat tu
va dién tich bé mit cao khong khac so v6i SBA-
16 téng hop tir nguén silic ctia TEOS [4, 3].

IV - KET LUAN

bi tong hop dugc vat liéu ray phan tr mao
quan trung binh SBA-16 tir nguén silic cua vo
trdu. Khao sat cac yéu t6 anh hudng dén qua
trinh téng hop nhu ti s6 butanol/SiO,, HCI/SiO,,
su phdi tron hai chat dinh hudng cau tric
F127/P123 cho thay ring ti 1& butanol/SiO, va
HCI/SiO, 14n lugt ndm trong khoang 0,98 - 2,45
va 2,12 - 2,47 thi c6 thé thu duge SBA-16 c6 do
trat tu va dién tich bé mat cao. Kich thudc mao
quéan c6 thé thay déi bang cach phéi tron F127
va P123. Khi ham luong P123 cang tang thi
duong kinh mao quan ctia SBA-16 cang 16n.
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