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Abstract

Al-SBA-16 and Fe-SBA-16 were successfully synthesized by direct hydrothermal method. The obtained materials
were characterized by diferent techniques such as powder X-raydiffractions (XRD), transmission electron microscopy
(TEM), nitrogen adsorption/desorption measurement, diffuse reflectance UV-Visible spectroscopy (UV-Vis) the
obtained results showed that the prepared samples are highly ordered cubic mesostructure with a large specific surface
area and a uniform mesopore size distribution. The catalytic activity of obtained samples was tested in the oxidation of
phenol and red-phenol. The analysis of oxidation products using HPLC. The catalytic result showed that AI-SBA-16
and Fe-SBA-16 exhibit a high catalytic activity for total oxidation of phenol and phenol red.

1. MO DAU

Trong nhitng ndm gan day, nhitng yéu cau ngay
cang khit khe vé moi trudng va tinh canh tranh kinh
té doi hoi cac qua trinh cong nghé phai thuong
xuyén nghién ciru cai thién nham han ché viéc s
dung cac hoa chat nguy hiém va ngin chin sy phat
sinh cac chit thai doc hai. V6i nhitng wu diém cua
minh xtc tac di thé dugc danh gia la déng vai tro
then chét trong qué trinh thiét k&, phat trién quy
trinh cong nghé than thién véi moi trudong trong
cong nghé hoa hoc.

Ngay tir khi dugc phat hién zeolit da thu hut
duoc nhiéu sy chu ¥ trong xuc tac axit, bazo, xtc tac
oxi hoa khwr [1 - 3]. Tuy nhién, do kich thudéc mao
quan nhé nén vt li€u zeolit bi han ché trong vi¢c
hap phu cac phén tir co kich thuéc 16n nhu: phenol
va cac dan xuét cta ching co trong nuéc thai cong
nghi€p. Chinh vi vay, viéc nghién ctru va ché tao vat
liéu xuc tac co kich thudec mao quan 16n, thanh mao
quéan day, c6 d6 bén nhiét va c6 hoat tinh xuc tic cao
dang dugc cac nha khoa hoc quan tdm nghién ctu
nham tmg dung trong linh vuc xtc tac va hap phu xu
1y moi truong [4 - 7].

Trong nghién ctru nay, ching toi tién hanh
nghién ctru va téng hop loai vat liéu méi co ciu trac
mao quan trung binh SBA-16 va dua thém kim loai
vao trong gel dé tao nén vat lidu xuc tac AI-SBA-16,
Fe-SBA-16 va danh gia hoat tinh cua xtc tac trong
phan mg oxi hod phenol va cic dan xuat ciia ching.

2. THUC NGHIEM
2.1. Tong hop vit li¢u
2.1.1. Hod chit

Chét HDBM: F127 (Pluronic) E0106PO70E0106 cod
MTB = 12600 va P123 E020P070E020 cOM = 5800,
EO = etylen oxit, PO = propylen oxit;

Nguon silic: TEOS (C,Hs0),Si: 98%;

Dung dich HCI dac 36%;

Nguén kim loai la AlCl53.9H,0 va FeCl;.9H,0.

2.1.2. Quy trinh: hén hop gel cé thanh phan

1P123 :2,3F127 : 621TEOS : 2727 HCI : 89182H,0

Ti 1& Si/Al = 20 dwoc téng hop theo qui trinh
sau:

Chat hoat dong bé mat F127 va P123 dugc hoa
tan trong dung dich axit HCl 2M, sau khi hoa tan
hoan toan trong dung dich nay ¢ diéu kién ap sut
khi quyén va nhiét d6 45°C bang cach khudy ti.

Tiép dén dua ngudn kim loai va ngudn silic vao
dung dich déu trong didu kién khudy déu va manh &
45°C trong 2 gio, sau do tiép tuc khudy tir trong 24
gid & 45°C. Gel tao thanh duoc két tinh ¢ 100°C
trong 48 gio. San phim duoc loc rira dén pH = 7,
dem siy kho va nung & 550°C trong 6 gio. Cac miu
don kim loai Al-SBA-16 va Fe-SBA-16 duoc téng
hop véi ti s6 mol: Si/Al, Si/Fe = 20.
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Pham Xudn Nui va cong sy

Chit HDBM Dung dich Chat HDBM (F127)
(P123) HCI
Y
Khuay 1 gio, t =45°C
Nguén TEOS |— Khudy trong 24 gio | «— Nguén kim loai
(A13+’ Fe3+)

Thuy nhiét trong 24 gid

l

Loc rira bang H,0, sau d6 la etanol va
sy qua dém ¢ 100°C

,

Nung trong 6 h, t = 550°C

A

y

Thu dugc xuc tac AI-SBA-16;

Fe-SBA-16

Hinh I: So d6 tong hop AlI-SBA-16 va Fe-SBA-16

2.2. Cac phuwong phap dic trung

Phuong phap nhiu xa Ronghen: Vit liéu SBA-
16, AI-SBA-16 va Fe-SBA-16 dugc chup trén may
tai Truong Pai hoc Khoa hoc Tu nhién Ha Noi.

Phuong phap hip phu - giai hép déng nhiét
(phuong phap BET): Buong dang nhiét hip phy-khir
hap phu N, tai Vién hoa Cong nghiép. Dién tich bé
mat riéng duoc tinh tir phan tuyén tinh trong phuong
trinh BET, dudng phan bd kich thuéc mao quan
duoc xac dinh tir nhanh khu hép phu véi viéc st
dung cong thirc BJH.

Phuong phap hién vi dién tir truyén qua (TEM):
mau duge do trén may hién vi dién tir cua Vién dich
té Trung uong.

2.3. Xac dinh hoat tinh xtc tac

bé xac dinh hoat tinh x0c tac cua cac mau

Al-SBA-16 va Fe-SBA-16 toi da tién hanh phuong
phap oxi hoa phenol va phenol dé ¢ pha 1éng trong
binh cau phan tng.

Diéu kién tién hanh phan tmg nhu sau:

- Nhiét d6 phan tng: 70°C

- Ap sut: 1 atm

- Lugng xtic tac: 55 mg

- Luong phenol, phenol d6: 20 ml dung dich
chira 0,06 M

- Luong H,0, (30%): 4,12 ml

- Thoi gian phan ung: 4 gio.

Do chuyén hoa a% dugc tinh theo cong thirc:

a% = (Ag- A)/Ay * 100%.

Trong d6 Apva A¢ gia tri mat d quang cua phenol;
phenol d6 ban dau va ciia san pham phan tng & thoi
diém t, tuong ung.

San pham duoc phan tich bang phuwong phap do
UV-Vis va séc ky long.
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3. KET QUA VA THAO LUAN

3.1. Tong hop va dic trung

Lin (Cps)

SBA-16

Lin (Counts)

Sir dung copolyme khéi pluronic...
Duéi ddy dua ra phd XRD cia cac mau SBA-16,

AI-SBA-16 va Fe-SBA-16 véi ti s mol Si/Al va
Si/Fe = 20 (hinh 2).

2-Theta - Scale

Hinh 2: Phd XRD cua (a) Fe-SBA-16 va (b) AI-SBA-16 véi ti s6 Si/Fe va Si/Al =20

Trén phd XRD thay xuat hién ba pic nhiéu xa
twong ung voi ba mat phan xa (110), (200), (211) da
chimg t6 vat lidu nay cé cdu tric lap phuong ba
chiéu Im3m, trong d6 ¢ 1 pic sic nhon twong tng
v6i miat phan xa (110) ¢ goc 20 = 0,76° va 2 pic phu
& cac goc 1,33° va 1,76°, dic trung cua vat lidu

SBA-16. Pic c6 cudng d6 16n, hep ¢ goc 20 ~ 1°
chimg t6 céu tric mao quan cua vat liéu tong hop c6
d6 trat tu cao [10 - 12].

Hinh 3, biéu dién duong hap phu dang nhiét cua
méu Fe-SBA-16 voi Si/Fe = 20.
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Hinh 3: Puong dang nhiét hip phy - khir hip phu N, ctia mau Fe-SBA-16

C6 thé thdy rang duong dang nhiét hip phu -
khir hip phu N, ciia miu SBA-16 va Fe-SBA-16 la
mot dién hinh dic trung cho vat li€u co cAu trac
MQTB. Trén duong dang nhiét hip phu-khir hap
phu N, ta thiy: dudng giai hdp phu doc manh & ving
ap suét tuong ddi P/P, = 0,45 dac trung cho mao
quan hinh chai cta vat liéu SBA-16 va vong tré nho
do hién twong ngung tu mao quan véi dién tich bé

mit riéng 1a 540 m%g, duong kinh mao quan 60 A
(hinh 4).

Anh TEM ciia Fe-SBA-16 (hinh 5) khong thay
cac cum loai hodc oxit kim loai trén bé mit hay
trong mao quan vét liéu, chirg t6 Fe da di vao trong
mang cua SBA-16 hodc dugc phéan tan dudi dang
cac hat nano c6 kich thudc nho hon kich thudc mao
quéan ciia Fe-SBA-16 [9]. Két qua nay hoan toan phu
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hop v6i két qua nhan duoc tir phwong phap nhidu xa
tia X.
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Hinh 4: Dudng phan bé kich thuéc mao quéan theo
BJH cua Fe-SBA-16

Pham Xudn Nui va cong s

So sanh hinh dang va ciu tric ciia Fe-SBA-16 va
SBA-16 (hinh f) ta thdy cdu truc cua chung kha
gidng nhau diéu nay chimg to khi cho thém mubi
vao gel khi tong hop khong lam anh hudng dén cu
trac cua loai vay li€u nay. Qua hinh anh TEM ta
cling the‘iy duogc loai vat li€u nay c6 hé théng cAu trac
mao quan kha dong déu va sy sip xép ciia cic mao
quan c6 do6 trat tu cao [8 - 10].

3.2. Hoat tinh ctia xtc tac

San pham phan tng dugc phan tich bang UV-
VIS, két qua cho thdy dai hdp thu dic trung cho
nhom thé -OH ctia vong benzen ¢ 270 nm va dam
phd & viing 210 nm dic trung cho nhan vong benzen
dd gan hoan toan bién mét trén phd UV-VIS cia san
pham phan g, c6 nghia 1a phenol da phan huy gan
nhu hoan toan.

[e'S&ﬁlﬁ -
JtER T

Hinh 5: Anh TEM ctia mau: (f) SBA-16 [13] va Fe-SBA-16

41
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Hinh 6: Phd UV-VIS ciia cac mau phenol va san pham oxi héa trén xuc tac
Al-SBA-16 va Fe-SBA-16

San pham va nguyén liéu dugc phén tich bang
may sic ky 1éng bao gdm: benzoquinon, catechol,
hydroquinone, axit muconic, cac san pham khac va
mot lugng rat nho phenol con lai. Két qua duoc trinh
bay o bang 1.

Tir cac dir kién thyc nghiém & bang 1 cho thiy
xuc tac Fe-SBA-16 co d6 chuyén héa cao hon
(98,02%) so v6i Al-SBA-16 (88,32%). Nhu vay, dbi
v6i su ¢ mat coa ion Fe** do chuyén héa phenol

tang lén rat manh. Trong qua trinh oxy héa, Fe’™ xuc
tac cho qua trinh phan huy H,0, tao nén gbc tu do
HO [14, 15].
Fe'" +H,0, —» HO," + H" + Fe™*
Fe’" + H,0, — HO® +HO + Fe''

Gbc HO® duoc sinh ra tac dung véi phenol sinh
ra catechol, hydroquinon, benzoquinon va axit
muconic.

Pé lam rd hon vé tiém ning ung dung cia vat
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liéu xuc tac Fe-SBA-16, thi nghiém tiép theo duoc
thyc hién bang phan ung oxi hoa phenol do6 muc
dich thé hién tinh wu viét cua vat liéu c6 kich thuée
mao quan 16n. Két qua phan tich HPLC (hinh 7) cho
thdy phenol d6 véi thoi gian lwu 2,131 da chuyén doi
thanh nhiig chét khac v6i thoi gian luu khac nhau
(1,773; 2,459; 3,124).

Bang viéc so sanh thoi gian luu va st dung cac

Si dung copolyme khéi pluronic...

hoa chat chudn 1a cac axit hitu co mach ngan nhu
axit oxalic, axit maleic, axit fumaric va axit fomic.
Trong d6 axit oxalic (twong Gng véi thoi gian luu
2,459) 1a axit cacboxylic chinh dugc hinh thanh qua
qué trinh m& vong cua cac san pham oxi hoa phenol
d6 va cubi cing chung phan hiy thanh CO, va H,O0.
Diéu nay hoan toan phu hop véi két qua phén tich
UV-Vis (hinh 8).

Bdng 1: Su phan bd san phdm sau phan mg oxi hoa phenol & pha 1ong bang H,0, trong su ¢6 mat
cua xtc tdc Al-SBA-16 va Fe-SBA-16

Phén b san pham, %

bo
Xuc tac chuyén  Phenol Benzoquinon
hoa, %
Fe-SBA-16 98,02 1,98 30,81
Al-SBA-16 88,32 11,68 36,58

Catechol  Hydroquinone Axit Cac san
muconic  pham khac

6,45 18,43 41,34 2,97

4,87 15,25 38,73 4,57

<Chromatogram>
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Hinh 7: Sic ky d6 cua phenol d6 va san pham sau khi phan huy trén xtc tac Fe-SBA-16

San pham phan tng dugc phan tich bang UV-
Vis, két qua cho thdy dai hép thu dic trung cho
nhom thé -OH cua vong benzene ¢ 270 nm va dam
pho o vung 433 nm déc trung cho budce nhay T —
1’ ctia hé mang mau di gan hoan toan bién mat trén
phd UV-VIS ctia san pham phan mg, c6 nghia la
phenol d6 di phan huy gan nhu hoan toan [8].

Dua viao tai liéu tham khao va iy két qua dé so
sanh [4], voi phan ing oxy hoa phenol do ciing dugc
tién hanh trén xuc tic Fe-ZSM-5. Co thé thdy ring
d6 chuyén hoa trén xtc tac Fe-SBA-16 dat 98,02%,
Al-SBA-16 dat 88,32% trong khi d6 trén xuc tac Fe-
ZSM-5 chi dat dugc 35% cung véi ty s6 Si/Fe = 20,
tre 1a cung lugng tam Fe, nhung véi kich thudc mao
quan khac nhau cua Fe-SBA-16 va Fe-ZSM-5 1a 60
A va 5,6 A tuong tng, phan tir phenol do c6 kich
thude khoang 16 A kho c6 thé khuéch tan trong hé
mao quan cua Fe-ZSM-5.

I
\
| # miu orudsc phan (mg

|

2ooaf

b DN mAu sau phan ‘fmg

" N
B 55 A2 03

Hinh 8: Ph6 UV-VIS ctia phenol d6 va cac san pham
oxi hoa trén xtc tac Fe-SBA-16
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4. KET LUAN

Téng hop thanh cong vat liéu mao quan trung
binh SBA-16, Al-SBA-16 va Fe-SBA-16 ¢6 ty sb
Si/Al = 20 va Si/Fe = 20 trong diéu kién thuy nhiét
100°C, pH < 1 véi sy c6 mit cta hai khdi dong hinh
copolime Pluronic 1a F127 va P123.

Viéc dua Al va Fe vao vat liéu SBA-16 bang
phuong phép tong hop truc tiép cho thiy, su c6 mit
ctia Al hoic Fe trong gel tong hop khong anh hudng
dén cAu truc dic trung cua vat liéu.

Cac mau SBA-16 va Al-SBA-16 va Fe-SBA-16
téng hop déu c6 ciu truc dic trung cua vét liéu mao
quan trung binh, c6 cdu trac 1ap phuong ba chiéu c6
trat tu vai do trat tu cao. Mau Fe-SBA-16 co dién
tich bé mat riéng 14 540 m*/g dudng kinh mao quan
60 A, do day thanh mao quan 80 A.

Xic téc AI-SBA-16 va Fe-SBA-16 cho hiéu suét
rat cao trong phan g oxy hoa phenol va phenol do.

Trong phan ung oxi hoa phenol do, Fe-SBA-16
thé hién do chuyén hod cao va siu hon so véi Fe-
ZSM-5. Két qua nay cho thdy 3 tinh wu viét cua vat
liéu c6 kich thudéc mao quan trung binh Fe-SBA-16
trong viéc xtr 1y cac hop chit hitu co 6 nhidm co
kich thudc 16n trong nudc (nudc sinh hoat, nudc
thai...). Fe-SBA-16 va AlI-SBA-16 1a nhitng chit xtc
tac rat trién vong trong xtr 1y cac chat hitu co doc hai
¢6 kich thude 16n ciing nhu cac phan doan dau ning
can dugc xt 1y.
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