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Abstract

Ti-MCM-48 material was successfully synthesized by the direct synthesis method using CTAB as a surfactant. The
material characterization by XRD, BET, UV-Visible, IR and N, adsorption showed that the titanium atoms were well
dispersed in the mesoporous walls. The Ti-MCM-48 material showed a high catalytic activity in the oxidation of red
phenol using H,0,. Red phenol could be oxidized almost completely into CO, and H,0O, in a short period of time.
Therefore, the Ti-MCM-48 could be considered as a potential material for treatment of organic compounds in

contaminated water.
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1. PAT VAN BE

Cac chit hitu co kho phéan huy sinh hoc ¢6 vong
thom nhu phenol do6 tir cac nha may loc dau, luyén
kim, dét, nhuom, son... khi xdm nhap vao co thé con
nguoi v6i ham lugng vuot qua gioi han cho phép sé
gdy r6i loan chtrc ning sinh 1y ca cac co thé song,
gdy cac bénh ung thu, than kinh ... [1, 2]. Viéc xu ly
cac chat hitu co c6 vong thom c() kich thude 16n nay
rat ton kém va con c6 thé gay 6 nhidm tha cip. Giai
phap 1y tuong nhét 1a oxi hoa hoan toan cac chat nay
thanh CO, va H,O vdi céc tic nhan oxi hda va cic
chit xtic tic khong dé lai anh hudng cho mdi trudng.
Trong sb cac vat lidu mao quan trung binh, Ti-
MCM-48 nhan dugc sy quan tdm cua nhiéu nha
khoa hoc trén thé gidi ciing nhu trong nudc. Vi
dién tich bé mat 16n, mao quan déng déu, thé tich
mao quan 16n va co thé khéng ché duoc; mat khac
vat liéu Ti-MCM-48 con c6 d6 bén nhiét, thiy nhiét,
héa hoc va co hoc cao nén dugc Ung dung nhiéu
trong hip phy va xic tac [3]. Trong bai bao nay,
chung to1 tién hanh nghién ciru sy anh huong cua
cac yéu té nhu pH, ti 1€ mol Si:Ti, va thoi gian két
tinh thiy nhiét trong tong hop vat liéu mao quan
trung binh Ti-MCM-48 va khao sat hoat tinh xtic tac
trong phan Ung oxi hod phenol d6. Pay la mot
huéng nghién ctru img dung thiét thue va hiéu qua
trong linh vyc phat trién vat lidu xtc tac - hép phu
xir 1y méi truong, xir 1y mot sé hop chét hitu co 6
vong thom.

2. THUC NGHIEM
2.1. Tong hop vit liéu

Cho CTAB vao dung dich NaOH 2 M dit 1én
may khudy tir, thém F127 vao, duy tri nhiét d6 & 45
°C, khudy déu trong 2-3 gid dén khi dung dich trong
su6t (dung dich 1). Cho tir tir timg giot TEOS vao
dung dich 1 ddng thoi khudy manh bang may khudy
co trong khoang 2-3 gi®, duy tri & nhiét do 45 °C [4-
6]. Diéu chinh pH bang HCI 2 M dé dung dich c6 pH
trong khoang 11-11,5. Cho tir tir timg giot Ti(OC4Hg)4
va0 va khudy manh trong 2-3 gi. Pua dung dich thu
duogc vao binh teflon, khqu tur trong 1 gio & nhiét do
45-80 °C. Sau d6 cho vao autoclave két tinh thiy
nhiét & 100 °C trong 72 gid thu duoc gel. Loc rira gel
nhiéu 1an bang nude cat dén khi pH = 7, 1di sdy kho &
100 °C va nung & 600 °C trong 10 gid dé loai bo chat
dinh huéng ciu tric va cac chat hiru co khac ¢6 trong
tién chat [7, 8].

2.2. Pic trung ciu tric

Thanh ph?m pha cta vat liéu xtc tac dugc xac
dinh bang phuong phép nhidu xa Ronghen (XRD)
trén may Simen D5000 véi 6ng phat tia X bang Cu
¢6 bude séng 1,5406 A [9] va phd hdng ngoai (IR)
dugc ghi trén phd ké Thermo Nicolet 6700 trong
khoang 400 dén 4000 cm™; Phuong phap phan tich
nhiét TGA va DTA duoc tién hanh trén may Labsys
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TG/DSC Setaram; Dién tich bé mit riéng va cau tric
16 x6p cua vat lidu xac dinh theo phuong phap dang
nhiét hap phyu-khir hdp phu nito (BET) duoc do trén
may ChemBET-3000; Hinh thai vat liéu dugc xac
dinh bang anh hién vi dién tir quét (SEM) JEOL-
5300 va hién vi dién to truyén qua (TEM) JEM
1010; Phuong phap phd hap thu electron (UV-Vis)
dugc ghi trén may GBC Instrument-2885; Phan b
kim loai trén chat mang duoc xac dinh bang phuong

H6 Van Thanh va cong sy

phap phd tan xa ning luong tia X gin véi thiét b
SEM (SEM-EDX) trén may Hitachi S-4800.

3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia pH dén qua trinh tong hop

Cac mau tong hop & cac ti 16 mol nhu bang 1.

Bdng 1: Thanh phan gel (mol) ctia cac miu tong hop theo NaOH

Mau SiO, (TEOS)| CTAB NaOH H,O | F127 Ti(OC4Hy)s
1 1 0,6 04 80 0,003 0,02
2 1 0,6 0,45 80 0,003 0,02
3 1 0,6 05 80 0,003 0,02
4 1 0,6 0,55 80 0,003 0,02
5 1 0,6 0,6 80 0,003 0,02

Tur gian d6 XRD ¢ hinh 1 cho thdy, vat lidu
MQTB Ti-MCM-48 tng hop duoc & trén déu 1a pha
lap phuong la3d véi pic dac trung c6 cuong do
manh xuét hién & goc 20 = 2,4° va cac pic vai & 4°
va 6°. Trong d6, mau M3, M4, M5 c6 cac pic tu,
cuong do pic vira phai.

Cuang do (CPs)

4 6 8 10
z 20 (de)

Hinh 1: Gian d6 XRD cta cdc mu Ti-MCM-48
tong hop theo cac ti 1é NaOH/Si

Con mau M2 & mit (211) cho pic sic nhon va
cuong do kha lon. Piéu d6, ching to vat liéu ma
chung t6i téng hop duoc theo ti 16 ciia miu M2 cb
céu tric 1ap phuong voi do tinh the va trat tu cao, la
vat liéu t6i wu hon so v6i cac mau vat liéu con lai.

Vi thé, chiing i chon ti 1¢ gel M2 theo ti 1¢ NaOH
lam moc dé khao sat ti 1€ Si/Ti.

3.2. Anh huwéng ti 18 mol Si/Ti trong qua trinh
tong hop

Trong nghién ciru nay, ching t6i tién hanh tong
hop vat liéu Ti-MCM-48 véi ti 1¢ mol Si/Ti thay doi
tir 10 dén 200, thanh phan gel dugc trinh bay & bang
2.

Két qua XRD ciia 5 mau vat liéu Ti-MCM-48
theo ti 1& mol Si/Ti thay ddi duoc trinh bay & hinh 2.

Twr hinh 2 chiing t6i nhan thﬁy, cac mau vat liéu
Ti-MCM-48 khi thay dbi ti 1¢ gel ctia Si/Ti thi vin
gilt nguyén dugc cu trac 1ap phuong, cac pic dic
trung cua vat lieu MCM-48 van xuit hién v6i cuong
do6 manh & cac goc 20 ~ 2,5 °. Piéu nay chimg to
rang ham luong Ti ting dan khong gy pha v& mang
mao quan cua vat li¢u. Tuy nhién khi ti 1¢ Si/Ti giam
tir 100 dén 10 & mau M2-5 thi pic ti han, pic khong
ro rang chirng to lic nay do tinh thé thz?ip, vat liéu
khong trat ty. Va trén gian do, trong ving goc rong
khong tha"iy xuat hién pic dic trung cho sy hinh
thanh TiO, dang anata. Vi vy, chung tdi chon mau
M2-2 ing véi ti 1¢ mol Si/Ti = 100 cho nghién curu
tiép theo.

Bdng 2: Thanh phan gel (mol) ctia cac mau tong hop theo ty 1¢ Si/Ti

Mau | SiO,(TEOS)| CTAB NaOH H,0 F127 Ti(OC4Ho)a (Si/Ti)
2-1 1 0,6 0,45 80 0,003 5x107 (200)
2-2 1 06 0,45 80 0,003 0,01 (100)

2-3 1 06 0,45 80 0,003 0,02 (50)

2-4 1 06 0,45 80 0,003 0,04 (50)

2-5 1 06 0,45 80 0,003 0,1 (10)
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Cudng db {CPS)

26 (d8)
Hinh 2: Gian d6 XRD cac mau Ti-MCM-48
tong hop dugc theo cac ti 1€ Si/Ti khac nhau

3.3. Anh huéng ciia thoi gian két tinh thiy nhiét

Chung t6i tién hanh tong hop 5 miu Ti-MCM-
48 v6i thanh phan mol nhu & mau M2-2 va thoi gian
két tinh thiy nhiét trong khoang thoi gian tir 24 gid
dén 96 gio. Két qua nghién ciru anh hudng cua thoi
gian két tinh thuy nhiét dén ciu triic tinh thé cuia vat
liéu Ti-MCM-48 dugc trinh bay ¢ hinh 3.
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Hinh 3: Gian d6 XRD cac mau Ti-MCM-48,
thoi gian két tinh thuy nhiét khac nhau

Tir gian d6 XRD & hinh 3 ching t6i nhan thiy
rang, sau 24 gio két tinh thuy nhiét khong thdy xuat
hién pic nhiéu xa dic trung dbi voi vat lieu MCM-
48, khi tang thoi gian két tinh thuy nhiét 1én 48 gio
dén 60 gio thi pic day; & goc 26 = 2,5° xuét hién véi
cuong do con yéu va do tinh thé chua cao; vat liéu
thu dugc c¢6 do tinh thé cao va trat ty hon khi tang
thoi gian két tinh thuy nhiét 1én 72 gio sau d6 giam
khi tang thoi gian két tinh dén 96 gio. Didu nay co
thé 1a do lugng Ti khi dua vao vat liéu & cac mau
trong thoi gian két tinh dai hon (96 gid) giy anh
huong dén mang ludi trat ty von c6 cua vat licu
silica va mot phan Ti bi bién ddi thanh anatas trong
diéu kién nhiét d6 cao kéo dai.

Nghién ciiu t(fng hop, ddc trung vt liéu...
3.4. Gian d0 phén tich nhi¢t TG-DTA

Dé loai bo chat dinh hudng céu trac va tap chat
hitu co trong qua trinh tong hgp Ti-MCM-48, ching
ta phai lya chon ché do nung hgp li. Hinh 4 1a gidn
dd phan tich nhiét cta tién chat Ti-MCM-48.
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Hinh 4: Gian d6 TG-DTA cta mau Ti-MCM-48
tong hop

Tir két qua phén tich nhiét nay, ching t6i chon
nhiét d6 nung 14 600 °C trong thoi gian 8 gid dé loai
b6 chat dinh huéng cu trac CTAB va céac tap chat
hitu co khac c6 trong vt lidu tong hop.

3.5. Phé IR ciia ciac miu Ti-MCM-48 tong hop
dugc

M2-3
M2-1

M2-4

4000 3000 2000 1500 1000 500
$6 song (em)

Hinh 5: Pho IR ctia cdc mau Ti-MCM-48 tong hop

Tt hinh 5, ta thiy cac phd da xuit hién cuc dai
hap thu & 964,41 cm™, didc trung cho dao dong hoa
tri lién két Si-OH; vach phd 802,39 cm™ dic trung
cho dao dong ddi ximg kéo dai cua Si—O-Si va vach
pho 1103,28 cm™ dic trung cho dao dong bién dang
ctia lién két Si-O-Ti trong Ti-MCM-48. Dam phd &
3456 cm™ va 1700 cm™ dic trung cho dao dong hoa
trj va dao dong bién dang cua nhém hydroxyl cua
nuée hap phu trén vat liéu hoic Ti—-OH va Si-OH
cua vat liéu MQTB.
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Bang 3 trinh bay thanh phan phan trim céc
nguyén t6 co trong mau tong hop Ti-MCM-48 va ti
16 mol Si/Ti thu duoc tir phd EDX. Tur két qua dua
ra & bang 3 cho thy luong Ti c6 trong mau vét liéu
1a kha 16n so voi ban dau (miu M2-2).

Bdng 3: Thanh phan cac nguyén t cua
vat liéu tong hop Ti-MCM-48

. . Ti 1€ mol Si/Ti
O (%) | STCO) | THO) | 41 bing phd EDX)
5571 | 42,50 | 1,79 40,7
62,66 | 3501 | 143 43,04
5335 | 44,74 | 1,91 40,15

3.6. Hinh thai ciia miu Ti-MCM-48 tong hop

Tur hinh 6 nhén théy, v6i sy phan tan Ti vao
trong mang MCM-48 anh TEM cua vat liéu Ti-
MCM-48 c6 cac mao quan véi dudng kinh déu din
khoang chimg 35-40 A. Hinh dang va kich thuéc
cua vat liéu Ti-MCM-48 ciing dugc nhén biét qua
anh hién vi dién tr quét SEM. Tir hinh anh SEM cho
thay qua trinh tong hop da tao ra vat liéu Ti-MCM-
48 dang céu trac lap phwong véi nhiéu 16 hdng kha
ddng déu véi kich thudc hat khoang 1-2 um.

[S4800-NIHE 10.0kV 8.5mm x5

Hinh 6: Anh SEM (a) va TEM (b) ctia mAu
Ti-MCM-48 tong hop

3.7. Nghién ciru tinh chit x6p cia vat li¢u Ti-
MCM-48 tong hop

Hlnh 7 da chira rang dudng hap phu g1a1 héap N,
clia mau xiic tac xudt hién duong cong tré 10 rét &
khoang ap suét tuong dbi p/po tir 0,4 dén 0,7. Khi ap
suét twrong ddi P/PO tang (> 0,4) thi duong dang nhiét
hép phu c6 diém ubn dic trung cho sy ngung tu mao
quan bén trong MQTB.

Tinh chit xép cua vat lidu Ti-MCM-48 dugc
nghién ctru bang cach do hap phu va giai hap phu
dang nhiét nito & 77 K duoc trinh bay & bang 4.

H6 Van Thanh va cong sy
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Hinh 7: Dang nhiét hap phu-khu hép phu N,
0 77 K cua Ti-MCM-48 tong hop

Bdng 4: Tinh chét xp cua Ti-MCM-48 tong hop

X a1 dg Dypore Vin Sger
M
WA A | A | emig) | (mig)
B2-4 | 37,94 | 92,93 | 39,62 0,39 669,7
M2 30,83 | 75,52 | 34,45 0,27 207,3

a, 1a don vi cAu truc tinh tir sb lieu XRD (80 = doyy, f );

Dpore la du’ong kinh mao quan; Sgger 1a dién tich bé mat
riéng; Vi, 1a thé tich mao quan.

Két qua ¢ bang 4 cho théy rf“ing, dién tich bé mat
ctia Ti-MCM-48 (B2-4) 16n hon dién tich bé mat cua
Ti-MCM-48 (M2), diéu d6 tao thuan loi cho qua
trinh xc tac cia vat lidu. Trong cac nghién ctru tiép
theo, chiing t6i sir dung mau Ti-MCM-48 (B2-4) dé
nghién ctru phan ung oxi hoa phenol do.

3.8. Phan 1rng oxi héa phenol dé

Phan tng oxi hoa phenol do6 dugc thyc hién trong
binh cau 2 ¢6 dung tich 250 ml ¢6 gin sinh han nguoc
va dugc diéu chinh nhiét do bang may 6n nhiét (0,2
°C). Phan (g st dung 100 ml dung dich phenol d6
nong do 50 ppm, 0,2 g Ti-MCM-48 xiic tic va luong
H,0, tuong tng 0,1 ml (35 %, d = 1,11 g/ml), phan
{mg tién hanh & nhiét do phong. Piéu dang chi ¥ 1a
qué trinh oxi héa phenol do khéng sinh ra san pham
trung gian. Didu nay cho phép gia thiét rang, qua trinh
oxi hoa trong mdi truong nudc (Wet catalytic
oxidation) trén xuc tac da s dung xay ra sy oxi hoa
hoan toan phenol d6 theo phuong trinh: [10, 11].

C19H1405S + 42H202 — 19C02 + 49H20 + SOQ (1)

Cach lay mau va bao quan mau:
Ctr sau mot khoang thdi gian, mau duoc lay ra

mét lan, mdi lan lay 8 ml, li tam va tach chat xuc tac
roi cho vao ting binh nhé ¢6 nit cao su day nap kin,
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bao quan ¢ nhiét d6 phong, han ché tiép xuc v6i anh
sang.

Tién hanh quét phd UV-Vis cua dung dich
phenol d6 ndng d6 50 ppm va cic mau dung dich
san pham sau cac thoi gian t khac nhau. Hinh 8 trinh
bay phé UV-Vis ciia san phdm phan tng oxi hoa
phenol d6 theo thoi gian trén xtc tac Ti-MCM-48
tong hop. Quan sat tir hinh 8 nhan thiy, phé UV-Vis
ctia phenol do6 xuét hién 2 dinh cuc dai hap thu ¢ 263
va 432 nm tuong ung voi cac dao dong cua vong
benzen va nhdm mang mau, con pic diac trung cho
cac nhom thé khong 6 rang do su tuong tac electron
ctia cac nhom thé. Ta nhan théy tdc dd mat mau cua
dung dich phenol d6 xdy ra rat nhanh sau thoi gian
10, 30 phut va chi sau 120 phit phan tmg, h¢ mang
mau lién hop da bi pha huy gan nhu hoan toan, vé
gin v6i duong nén. Bén canh d6, dinh hip thu ¢
budc song 263 nm dac trung cho nhan thom da
khong con xuit hién, cho thiy nhan thom di bi pha
huy. Diéu d6 ching té sau 120 phat phan tng, co sir
dung xtc tic Ti-MCM-48, phenol d6 da bi oxi hoa
hoan toan thanh cac chat don gian, hap thu & budc
song khoang 200 nm va khong gdy 6 nhiém moi
truong.

3.00
i

t=0 phat

=
iy
o

Mit db quang

t= 10 phuit

t = 30 phuit

t = 60 ohit
t= 120 phat

-0.20| ' ) ' . |
500 800

Bwrdc song. nm
Hinh 8: Phé UV-Vis cta san pham phan tng oxi héa
phenol 6 nong d6 50 ppm c¢6 sir dung xtc tac
Ti-MCM-48

Tuong tu, d4 tién hanh phan tng oxi hoa phenol
d6 nong d6 10 ppm bing H,0, véi xuc tac Ti-MCM-
48. Hiéu qua lam viéc cua loai xtic tac ndy clng rat
tot. Sau 120 phat phan ng, cac cyc dai hap thu da
bién mét, vé gin v6i dudng nén.

Pé xac dinh vai trd cta xuc tic Ti-MCM-48
trong phan mg oxi hoéa phenol do, ching t6i tién
hanh phan tng v6i ndng do phenol do, H,0,, va cac

Nghién ciru t(fng hop, dac trung vat liéu...

diéu kién khac khong d6i nhung khéng sir dung Ti-
MCM-48. Két qua do phd UV-Vis cua san pham
phan ung oxi hoa phenol d6 nong do 10 ppm khi
khong sur dung xtic tac Ti-MCM-48 duoc trinh bay &
hinh 10. Tir hinh 10 nhan thay, sau 120 phit sin
pham cta phan ng oxi hoa phenol do bang H,0, CO
do hap thy hau nhu giam khong dang ké so véi mau
gdc ban dau. Cac pic dic trung cho hé lién hop
mang mau va nhan benzen van con xuat hién. Dicu
d6 chung to, qué trinh phan hiy phenol dé trong
nudc chu yéu la do xuc tac, H,O, chi 1a méi truong
tac nhan. Néu khong co6 Ti-MCM-48, qua trinh oxi
hoa phenol d6 hau nhu xay ra khong dang ké. Do dé,
xuc tac Ti-MCM—48 dong vai tro rét quan trong
trong qua trinh phan Ung.

1.000]

t= 0 phit

0.475 t=5 phut

Miit db quang

t= 10 phit

t=30 phut

300
Bwdéc song, nm

800

Hinh 9: Phd UV-Vis cua san pham phan (g oxi hoa
phenol d6 nong d6 10 ppm st dung xtic tac

Ti-MCM-48
0.700 |>-

t =0 phnt

t =30 phut
t = 60 ohit
t= 120 phnt

Mt db quang

Bwdc song, nm
Hinh 10: Phd UV-Vis cta san phdm phan Gmg oxi
hoa phenol dé 10 ppm
khi khong str dung xtc tac Ti-MCM-48
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Hinh 11 trinh bay d6 chuyén hoa phenol do theo
phuong phap do quang. Két qua cho thiy, sau
khoang 40 phat do chuyén hoa phenol d6 da dat dén
hon 90 % va qua trinh oxi hod trén xuc tac Ti-
MCM-48 dién ra hoan toan chi sau khoang 120 phit.

- J_,__:/’ﬁd

a0

=

=

] &0

= —a— khdng xic tac
HE-. —&— 10ppm

% —i— Slppm

ey

M

an

thoi gian (phut)
Hinh 11: Sy phu thudc d chuyén hoa phenol do vao
thoi gian theo phuong phap do quang

Nhu véy, c6 thé khing dinh ring, kha ning oxi
hoa phenol d6 boi H,0, khi ¢6 mat Ti-MCM-48 la
khé tot va vat liéu nay c6 thé sir dung dé xir li phenol
d6 c6 trong moi truong nude.

4. KET LUAN

Vit liéu Ti-MCM-48 dugc téng hop thanh cong
mot cach co hé thong béng phuong phap tong hop
tryc tiép. Cac yéu t6 anh huéng dén ciu trac mao
quan trat ty cling nhu hinh thai vat liéu Ti-MCM-48
nhu: pH, ti 1¢ Si/Ti va thoi gian két tinh thity nhiét
da duoc nghién ctlru.

Céc két qua dic trung dd ching to rang, vat liéu
thu dugc c6 cdu tric mao quan trung binh dang 1ap
phuong, kiéu 1a3d véi dién tich bé mat BET kha 16n
(~626 m?/g).

Hoat tinh x0c tic cao cua vat liéu Ti-MCM-48
trong phan g oxi héa phenol dé véi tac nhan H,0,
chung to tiém nang tng dung hiéu qua cua vat liéu

Lién h¢: HO Viin Thanh ,
Truong Cao dang su pham Thira Thién Hué

H6 Van Thanh va cong sy

ndy trong viéc xtr 1i cac hop chat hitu co 6 nhiém
trong nudc.
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