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NGHIEN CUU TONG HOP VAT LIEU Ti-SBA-15 TU THOY TINH
LONG VIET NAM VA TiNH CHAT XUC TAC TRONG PHAN UNG
OXI HOA a-PINEN

Dén Toa soan 6-11-2006
NGUYEN DINH TUYEN, LE THI HOAI NAM
Vién Héa hoc, Vién Khoa hoc va Cong nghé Viét Nam

SUMMARY

A new method to prepare mesoporous material Ti-SBA-15, which was expected to be a
commercial synthesis was presented. The obtained Ti-SBA-15 with hexagonal structure were
successfully prepared by using sodium silicate and nontoxic precursors, which are low cost
and avatlable in Vietnam. These materials were characterized by different techniques such as
XRD, IR, BET, SEM, HRTEM, UV-VIS. It shown that Ti-SBA-15 have very uniform pore size
(3.5- 9.5 nm). These catalysts were tested in the oxidation reaction q-pinene with hydrogen
peroxide as oxidation agent. The results shown that Ti-SBA-15 had activity and stability
higher than Ti-MCM-41 under lower reaction temperature than other oxide catalysts. This
commercial preparation method is a great potential background to scale-up and apply
mesoporous material Ti-SBA-15 in fine chemistry and pharmaceutical chemistry.

1- MO PAU

Vat liéu silica chira titan (Ti-MCM-41, Ti-
SBA-15...) da duge bigt nhu mot loai xdc tic rat
t6t cho cdc phan ting oxi hda cdc anken véi tac
nhan H,0, trong pha long & diéu kién mém [1,
2, 5]. Vin dé danh gid hoat tinh cla Ti-SBA-15
trong phan ung oxi héa a-pinen, mot hop chat
¢é trong dau thong Viet Nam nham diéu ché céc
san phdm o-pinen oxit va cdc hop chdt chia oxi
khic phuc vu cho nganh duge phim, nganh
polyme rit cd y nghia trong khoa hoc va thuc
tién Viét Nam. Tuy nhién, viéc tdng hop SBA-
15 ndi chung va Ti-SBA-15 ndi riéng tit ngudn
silic ankoxit nhu TEOS, TMOS... 1am gia thanh
cua vat liéu ting cao. Vi vay vin dé tim ra mot
quy trinh tong hop Ti-SBA-15 tir sodium silicat
nhim 1am giam gid thanh vat liéu 13 rdt cdn
thiét.

Trong céng trinh nay ching toi trinh bay mot

phuong phip téng hop vat liéu mao quan trung
binh SBA-15 chita Ti di tir ngudn thuy tinh long
Viét Nam. Day 12 mét phuong phép tdng hop vat
lieu Ti-SBA-15 theo dinh hudng cong nghé va
thuong mai hda san pham, ldn ddu tién thuc hién
tai Viét Nam. Vat ligu xuc tdc Ti-SBA-15 d3 duge
danh gid hoat tinh va kiém tra do bén thuy nhiét
théng qua phan tng oxi hda a-pinen (tit dau théng
Viét Nam} cho két qui rdt kha quan lam co s&
khoa hoc trong nghién citu chuyén qui mo va tng
dung cong nghiép.

II - THUC NGHIEM

1. Tdng hop vat lieu

Héa chat sit dung: thuy tinh 1ong Viét Nam,
dung dich H,S0, 98%, chét hoat dong bé mat
P123 (Pluronic} EQO,,PO;EO,, tetra-n-butyl
octhotitanat (TBOT) C,;H30,Ti, isopropanol,
nudc ct.
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Qui trinh tdng hop: Chat hoat déng bé mat
dugc hoa tan véi nude cét va khudy & 40°C dén
khi tan hoin toin tao dung dich trong sudt.
Thuy tinh long va TBOT duge dua vao hén hop
trén ¢ nhiét do phong va khudy thém it nhat 2 h
nifa. Thém axit H,SO, va khudy manh. K¢t tha
tring tao thanh tiép tuc duge khudy & nhiét do
phong trong khoang 12 h va duge lam gia &
80°C trong vong 24 h. Sau dé hdn hgp duge loc
14y pha rin, rira bing nuée cit, sdy kho & 80°C,
nung & 550°C trong 6 git. Cic mdu vart liéu Ti-
SBA-15 duge t6ng hgp vdi su thay déi ti 1& SifTi
dugc dua ra & bang 1. Cic miu Ti-MCM-41, Ti-
HMS (dé so sdnh) dugc téng hop theo phuong
phép & tai lieu [2].

2. Pac trumg vat liéu
Cic miu vat lieu K|, K,, K, duge dac trung

bing cdc phuong phdp: phé nhiu xa Ronghen
{XRD), pho hap thu héng ngoai (FTIR), phuong
phap ding nhiét hdp phukhir hdp phu Nito
(BET), hién vi dién tir truyén qua phén giai cao
(HRTEM), hién vi dién tir quét (SEM), phé hap
thu electron (UV-VIS), phé tdn xa Raman. Két
qua dugc trinh bay trén cic hinh 1, 2, 3,4 va 5
va bang 2.

Phan mg oxi héa o-pinen véi xiic tic tdng
hgp dugce thuc hién & 55°C, theo 1i 1& mol clia a-
pinen : dung mdi cloroform : H,O, tuong ung la
1: 3,6 : 1,2. San phdm phan img dugc phan tich
trén mdy GC-MS (HP5890 Series II, cot
HP5989B MS) tai Vién Hoéa hoc, Vién Khoa hoc
va Cong nghé Viét Nam, két qua trinh bay &
bang 3.

Bdng I Cac miu vat liéu Ti-SBA-15 tdng hop tir thuy tinh 16ng Viét Nam

e o e Nhiét do ket Thoi gian két
Ky hiéu miu Tt 1¢ Si/HDBM Ti le Si/Ti tinh. b tinh, °C
K, 10 80 24 80
K, 10 60 24 80
K, 10 30 24 80

I - KET QUA VA THAO LUAN

1. K€t qua nhiéu xa Ronghen (XRD)

Tir hinh 1 nhan thdy, phéd XRD ctia cdc méu K,, K,, K; déu ¢ cudng do nhiéu xa cao va hep
& g6c 26 < 2°, dic trung cho vat liéu mao quén trung binh. Phé XRD ctia cic man K|, K,, K; ciing
turong ty nhu phé clia miu SBA-15 chuén, diéu d6 ching té vat liéu t6ng hop cé ciu triic mao quéan

trung binh va ¢6 do trat ty rit cao.
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Hinh I: Gién d6 nhiéu xa Ronghen clia cdc miu
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2. Két qua hién vi dién tr quét (SEM) va hién vi dién tit truyén qua phan giai cao (HRTEM)

Sia 310448

28EV K3, 500

Hinh 2: Anh SEM cita miu
Ti-SBA-15

Két qua SEM va HRTEM duge dua ra trén

hinh 2 va 3. T &nh SEM c6 thé théy ring vat
lieu t6ng hgp duge gédm cdc hat nho khd déu
dan, kich thude tir 0,5 - 1 pm. Anh HRTEM cia
‘miu téng hgp cho ta thdy hinh &nh 19 nét vé cau
trde hexagonal vdi thanh twudng rit day (8 nm)
cla vat liéu.

3. Két qua pho hiap thu hong ngoai (FTIR)

Tir hinh 4 nhan thay, phé IR ctia cic méu Ti-
SBA-15 t6ng hop dugc ¢6 xudt hién cum pic 960
em’ véi cudng d6 16n dac trung cho dao dong
bat doi xing cua lién két Si-O-Ti, 1a tin hiéu rat
dién hinh cho su tén tai clia cdc ion titan trong
mang ludi. Cdc pic & viing 800 cm” dic trung
cho dao dong héa tri ciia cdu lién két Si-O-Si [2,
6]. Nhu viy ¢6 thé nhan dinh ring Ti da tén tai
trong mang ludi cua cdc mau var liéu Ti-SBA-15
téng hop duge (K,, K,, K,). Mot sé tic gia [2, 7]
cho rang nhém pic tai 970 cm™ lién quan t6i dao
dong héa tri chia nhém silanol Si-OH- nhung néu
¢6 mat Ti* lan can céc nhém Si-OH-Ti hoic
nhém titanol Ti-OH thi ¢6 su dich chuyén
khoang 10 cm™. Nhuv vdy, viéc t6n tai nhém pic
960 cm’ van c¢6 lién quan t6i Ti* trong mang
cdu tric. Nhém pic ndy thé hién rat 13 & phd
héng ngoai IR cia cdc miu K, K,, K; va Ti-
MCM-41 véi cudng do 16n. DE nhan dang cau
triic va su tdn tai cia Ti* trong v ngodi mang
ludi vat liéu ching t0i da st dung thém céc
phuong phap khic nhu quang phé tin xa Raman
va UV-VIS dé dic trung vat lieu [7].

Hinh 3: Anh HRTEM ctia méu Ti-SBA-15
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Hinh 4: Phé hdp thu héng ngoai clia cdc miu

4, Két qua pho tan xa Raman

Nhu d3 biét trén phé Raman nhém pic trong
ving 790 - 800 cm’! dic trung cho dao déng héa
tri clia cdu lien két Si-O-Si. Pic 967 cm™ dic
trung cho dao dong bat déi xing cua lién két Si-
O-Ti va cac pic 397, 515, 639 cm™ dac trung Ti
ngoai mang dang anatas [2, 3, 6]. Tir hinh (5) ta
thdy phé Raman cia cdc miu déu xuit hién
nhém pic trong vang 790 - 800 cm’’. Dic biét
trén phé cha cdc miu K, va K, ta thdy cé xuat
hién pic 967 cm™ véi cudng dd cao nhung
khong t6n tai 3 pic 397, 515, 639 cm™'. Nhur vay,
mau K, va K, ¢d Ti ndm hoéan toan trong mang
ma khong c6 Ti ngoai mang. Trén phd cla miu
K; ngoai pic 967 cm™ con xudt cdc pic 399,1
cm’', 513,6 cm' va 636,8 cm”. Diéu nay chiing
6 mau K, tdng hop duge vira ¢6 Ti nim ngoai
mang dang anatas, vira ¢ mat Ti ndm trong
khung c&u tric cua vat liéu.
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Hinh 5: Phé Raman clia cdc méu
5. Két qua phd hip thu electron (UV-VIS)

Nhu d3 bi€t trén phé UV-VIS ving pic g
vai budc séng 210 nm dac trung cho sy t6n tai
‘cha titan trong mang Ti-SBA-15 va viing pic tng
v&i bude séng 300 nm dic trumg cho sy ton tai
cla litan ndm ngoai mang ludi (dang anatas) [3,
4]. Trén hinh 6 cho thdy phd UV-VIS ciia méu
SBA-15 chudn khong xudt hién pic {ng véi
budc séng 210 nm va 300 nm, cb nghia [
khong ¢6 Ti nidm ca trong vd ngoadi mang.
Trong khi d6 miu K, va K, déu xudt hién pic
iing v6i budc séng 210 nm va khong xudt

hién pic & budc séng 300 nm. Nhu viay mau
K, vd K, ¢6 Ti ndm hoan toan trong mang
SBA-15. Dic biét ta thdy & miu K, xuit hién
cic pic ¥ cd ving dng véi bude séng 210 nm lan
budc séng 300 nm, ching t6 miu K; di t6ng
hop ¢6 Ti ton 1ai cd trong va ngodi mang luéi
silica cla vat liéu. Diéu dé hoan toan phi hop
v6i két qua dit 1i¢u phé FTIR va Raman & trén.
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Hinh 6: Phé UV-VIS clia cac miu
6. Danh gia do bén thuy nhiét cia Ti-SBA-15

Viéc dénh gia do bén thuy nhiét clia 2 méu
xic tde Ti-SBA-15 (K;) va Ti-MCM-41 dugc
ti€n hanh béng cdch cho miu vao nudc dun s6i &
100°C trong vong 5 h. Két qua duge thé hién &
bang 2. '

Bdng 2: Két qua dic trung cia hai miu trude va sau khi xUr Iy nhiét

Miu Bg En}rqtt [::f/gg Dum,lfn kinh, B day tuong, nm Thé t:;(]:::3;z xop,
Ti-MCM-41 (kx1) 750 2,6 1.4 0,51
Ti-MCM-41 (xltn) 420 5,7 -- 0,63
K, (kx1) 675 3,5 7,3 0,85
K, (xltn) 595 3.5 7,3 0,8

Trong dé: kxl 1a khong xur Iy thuy nhiét; xltn la xir Iy thuy nhiét (100°C, 5h).

Bang 2 cho thdy, sau khi tién hanh xtr 1y
thuy nhi¢t, dudng Kinh mao qudn, bé day thanh
tudng clia miu K, hdu nhwr khong déi dudi tic
dong thuy nhiét, trong khi dé dudng kinh mao
quan cha miu Ti-MCM-41 tang lén va bé day
wong khong xdc dinh duge. Diéu nay cé thé
duge giai thich nhu sau: khi ting nhiét do, thinh
mao quan cia Ti-MCM-41 moéng ddn, dudng
kinh mao quan tang do tic dong thuy nhiét. Khi

568

nhiét do tiép tuc tang, bé mat riéng cha cha Ti-
MCM-41 giam xudng rt nhanh, thanh tudng
cia Ti-MCM-41 khéng con vimg chic, khong
con duy tri duge cdu tric luc lang hexagonal.
Viay cé thé thidy dugc ring Ti-SBA-15 cé khi
nang bén thuy nhiét 16t hon Ti-MCM-41 va do
dé su rira troi Ti khéi mang cdu tridc sé it hon
lam ting d6 bén hoat tinh, ting khd ning tdi
sinh va chu k¥ sir dung cla xiic tdc.




7. Phan 1ing oxi héa a-pinen

Két qua do chuyén héa clia phin dng oxi
héa a-pinen trén xdc tac Ti-SBA-15 (K,) va céc
xudc tdc khdc duge trinh bay trén bang 3 va 4,

Tir két qua trén chuing toi ¢ thé riit ra mot
s nhan xét sau:

- Xide tdc Ti-SBA-15 ¢6 hoat tinh rit cao &
nhi¢t do thap (55°C), 4p suat thudng, chi trong
thoi gian 15 phit ¢d ¢6 su chuyén héa a-pinen
5,19%. Trong khi dé6 déi véi Ti-MCM-41 va Ti-
HMS can t6i 60 phit dé dat t6i do chuyén héa
turong duong.

- Dudi ciing diéu kién phan tng cho thay.

dd chuvén héa cla phan (ng tang khi thai
gian ting. Cing v&i su tang do chuyén héa,
theo thdi gian, cdc san phdm chuyén héa tha
cdp cia «-pinen oxit (campoleandehyt, trans-
carveol ...) ciing tang lén. Tuong ty san phdm
verbenol gidm va sdn phim oxi héa thd cdp
cla verbenol 13 verbenon ting l1én. Diéu nay
chimg 16 day la phan dng phic tap gém céc
phan itng song song va ndi ti€p, cho nén viéc
nghién citu fim diéu kién 8i wu dé dat duge
d¢ chon loc theo a-pinen oxit cao nhit la
mot diéu rat can thiét. Chiing to6i sé xin tiép
tuc trinh bay van dé nay trong cdc cong trinh
LiEp sau.

Bdng 3: Phan ting oxi héa a-pinen trén cic Xic tic véi tdc nhan t-butyl hydropeoxit [1]

Miu Ti-MCM-41 Ti-HMS*
Thoi gian, phuit 60 180 300 60 180 300
Do chuyén héa a-pinen, % 4.2 7,2 11,0 2,6 5.5 9.2

(* HMS la mot dang vat liéu silica ¢6 cau tric MQTB duge Tanev va Pinnavaia cong bd nam 1995 [2]).

Bdng 4: Phan tng oxi héa a-pinen trén xic tac Ti-SBA-15 véi tdc nhan H,0,

Thoi gian, | Do chuyén hod Thanh phan san phdm chuyén héa, %
phit a-pinen, % Verbenol Verbenon a-pinenoxit
15 5,19 10,59 2,90 20,62
30 14,29 10,45 3,12 15,51
45 15,58 10,06 3,26 12,74
60 2597 1,72 1,96 5,75

IV - KET LUAN

1. D3 téng hgp thanh cong vat lidu mao
quan trung binh Ti-SBA-15 tir ngudn thuy tinh
long Viét Nam ¢6 chatl lugng cao. Dua ra mdt
phuong phdp téng hgp vat liéu Ti-SBA-15 theo
dinh hudng cong nghé bang viéc sir dung thuy
tinh long Viét Nam 1am nguén silic ban diu
thay thé nguén TEOS.

2. ba khdo sdt va so sénh hoat tinh xic tdc,
d¢ bén thuy nhiét cia Ti-SBA-15 va Ti-MCM-
41 trong phan tng oxi héa c-pinen vi chiing
minh duge Ti-SBA-15 ¢6 hoat tinh xic tic va do
bén thuy nhiét cao hon Ti-MCM-41.
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