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Abstract 

.•\I-SB.A-16 and Fe-SB.A-ld were successful lv svntlicsi/cd hv direct hydrothermal method. The obtained materials 
were characterized bv diferent techniques such as powder .\-raydiffraclions (XRD). transmission electron microscopy 
(TEM). nitrogen adsorption/desorption measurement, dillusc rcllcctancc UV-Visible spectroscopy (UV-Vis) the 
obtained results showed that the prepared samples arc highly ordered cubic mesoslructure w ith a large specific surface 
area and a uniform mesopore size distribution. The calalvtic activ ity of obtained samples was tested in the oxidation of 
phenol and red-phenol. The analvsis of oxidation products using HPLC. The catalytic result showed that AI-SBA-16 
and Fe-SB.A-16 exhibit a high catalvtic activ itv for total oxidation of phenol and phenol red. 

[ .MODAL THUC NGHIEM 

Trong nhirng nam gan dav, nhung yeu cau ngav 
cang khat khe v e mdi trudng v a tinh canh tranh kinh 
te ddi hoi cac qua trinh cdng nghe phai thudng 
xuyen nghien cuu cai thien nham ban che viec su 
dung cac hda chat nguy hiem v a ngan chan su phat 
sinh cac chat thai ddc hai. Vdi nhirng uu diem cua 
minh xuc tac di the dugc danh gia la ddng vai trd 
then chdt trong qua trinh thiet ke, phat trien quy 
trinh cdng nghe than thien vdi mdi trudng trong 
cdng nghe hda hgc. 

Ngav tir khi duoc phat hien zeolit da thu hiit 
dugc nhieu su chii v trong xiic tac axit, bazo', xiic tac 
oxi hda khu [1 3]. Tuv nhien. do kich thudc mao 
quan nho nen vat lieu zeolit bi ban che trong viec 
hap phu cac phan tu cd kich thudc ldn nhu: phenol 
va cac dan xuat cua chiing cd trong nudc thai cdng 
nghiep. Chinh v i vav, viec nghien ciru va che tao vat 
lieu xiic tac cd kich thudc mao quan ldn, thanh mao 
quan day, cd do ben nhiet va cd boat tinh xiic tac cao 
dang dugc cac nha khoa hgc quan tam nghien ciru 
nham img dung trong ITnh vuc xiic tac va hap phu xu 
ly mdi trudng [ 4 - 7 ] 

Trong nghien ciru nav. chiing tdi lien hanh 
nghien ciru va tdng hgp loai vat lieu mdi cd cau triic 
mao quan trung binh SBA-16 va dua them kim loai 
vao trong gel de tao nen vat lieu xiic tac Al-SBA-16, 
Fe-SBA-16 va danh gia boat tinh cua xiic tac trong 
phan irng oxi hoa phenol va cac dan xuat cua chiing. 

2.1. Tong hop vat lieu 

2.1.1. Hod chdt 

Chat HDBM: F,:- (Pluronic) EOmftPO^nEOi,,, cd 
MTB = 12600 va Pi23 EO:„P07nE02(. cd M = 5800, 
EO = etylen oxit. PO = propylen oxh: 

Ngudn silic: TEOS (C:H50)4Si: 98°o; 
Dung dich HCl dac 36" o: 
Ngudn kim loai la AlCl3.9H:0 va FeCl3.9H20. 

2.1.2. Quv trinh: hon hpp gel ed thdnh phdn 

1P123 : 2.3F127 : 621TEOS : 2727 HCl : 89I82H;0 
TI le Si/Al = 20 dugc tdng hgp theo qui trinh 

sau: 
Chat boat ddng be mat F127 va P123 dugc hoa 

tan trong dung dich axit HCl 2M. sau khi hoa tan 
hoan loan trong dung dich nay a dieu kien ap suat 
khi quyen va nhiet do 45''C bang each khuay tii'. 

Tiep den dua ngudn kim loai va ngudn silic vao 
dung djch dau trong dieu kien khuay deu va manh o 
45"C trong 2 gid, sau dd tiep tuc khuay tir trong 24 
gid a 4 5 T . Gel tao thanh dugc kk tinh g lOOT 
trong 48 gid. San pham dugc lgc rua den pH = 7, 
dem say khd va nung a 550"C trong 6 gid. Cac mau 
don kim loai Al-SBA-16 va Fe-SBA-16 dugc tdng 
hgp vdi ti sd mol: Si/Al, Si/Fe = 20. 
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Chat HDBM 
(P123) 

Dung dich 
HCl 

Chat HDBM (F127) 

Khuay 1 gicr, t = 45"C 

Nimdn TEOS Khuiiy trong 24 gid Ngudn kim loai 

Thuy nhict trong 24 gio 

Lgc rua bang H2O, sau dd la etanol va 
say qua dem a 100"C 

1 ' 

Nung trong 6 h, t = 550T 

' r 

Thu dugc xiic tac Al-SBA-16; 
Fe-SBA-16 

Hinh 1: So dd tdng hgp Al-SBA-16 va Fe-SBA-16 

2.2. Cac phu'ong phap dac trung 

Phuang phap nhieu xa Ranghen: Vat lieu SBA-
16, Al-SBA-16 va Fe-SBA-16 dugc chijp tren mav 
tai Trudng Dai hgc Khoa hgc Tu nhien Ha Ndi. 

Phuang phap hap phu giai hap dang nhiet 
(phuang phap BET): Dudng dang nhiet hap phu-kbu 
hap phu N2 tai Vien hoa Cdng nghiep. Dien tich be 
mat rieng dugc tinh tir phan tuyen tinh trong phuong 
trinh BET, dudng phan bd kich thudc mao quan 
dugc xac dinh tir nhanh khu hap phu vdi viec su 
dung cdng thirc BJH. 

Phuong phap hien vi dien tu truydn qua (TEM): 
mau dugc do tren may bien vi dien tu cua Vien djch 
te Trung uong. 

2.3. Xac dinh hoat tinh xiic tac 

De xac dinh hoat tinh xiic tac cua cac mau 

Al-SBA-16 va Fe-SBA-16 tdi da tien hanh phuang 
phap oxi boa phenol v a phenol do a pha Idng trong 
binh cau phan irng. 

Dieu kien tien hanh phan irng nhu sau: 
Nhiet do phan img: 70T 
Ap suat: 1 atm 
Lugng xiic tac: 55 mg 
Lugng phenol, phenol dd: 20 ml dung dich 

chira 0,06 M 
Lugng H2O2 (30°o):4,12ml 
Thdi gian phan Omg: 4 gid. 

Do chuyen boa a^o dugc tinh theo cdng thOrc: 

a 0 (Ao-A,)/Ao* 100%. 

Trong dd Ao va A,: gia tri mat do quang cua phenol; 
phenol dd ban dau va cua san pham phan urng d thdi 
diem t, tuong img. 

San pham dugc phan tich bang phuang phap do 
UV-Vis va sac ky Idng. 
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3. KET QUA VA T H A O LUAN 

3.1. Tong hop va dac tru-ng 

Sudung copolyme khdi pluronic... 

Dudi day dua ra phd XRD cua cac mlu SBA-16, 
Al-SBA-16 va Fe-SBA-16 vdi ti so mol Si/Al va 
Si/Fe = 20 (hinh 2). 

110 
V 

SBA-16 

(a) 

2-Thata - Scalo 

Hinh 2: Pho XRD ciia (a) Fe-SBA-16 va (b) Al-SBA-16 vdi ti so Si/Fe va Si/Al = 20 

Tren phd XRD thay xuat hien ba pic nhieu xa 
tuong irng vdi ba mat phan xa (110), (200), (211) da 
chirng td vat lieu nay cd cau true lap phuong ba 
chieu lm3m, trong dd cd 1 pic sac nhgn tuong irng 
vdi mat phan .xa (110) d gdc 29 = 0,76° va 2 pic phu 
d cac gdc 1,33° va 1,76°, dac trung cua vat lieu 

SBA-16. Pic cd cudng do ldn, hep d gdc 29 « 1° 
chirng td cau true mao quan cua vat lieu tdng hgp cd 
do trat ty cao [10- 12]. 

Hinh 3, bieu dien dudng hap phu dang nhiet cua 
mlu Fe-SBA-16 vdi Si/Fe = 20. 

0.2 0.4 0,6 0.8 
Ap .fuar tn<n\g doi |P'Po] 

Hinh 3: Dudng dang nhiet hap phu - khir hap phu N? ciia mau Fe-SBA-16 

Cd th§ thay rang dudng dang nhiet hap phu 
khiir hap phu N2 cua mlu SBA-16 va Fe-SBA-16 la 
mot dien hinh dac trung cho vat lieu cd cau true 
MQTB. Tren dudng dang nhiet hap phu-khOr hap 
phu N2 ta thay: dudng giai hap phu ddc manh d viing 
ap suat tuong ddi P/Po = 0,45 dac trung cho mao 
quan hlnh chai cua vat lieu SBA-16 va vdng tri nhd 
do hien tugng ngung tu mao quan vdi dien tich be 

mat rieng la 540 m7g, dudng kinh mao quan 60 A 
(hinh 4). 

Anh TEM cua Fe-SBA-16 (hinh 5) khdng thiy 
cac cum loai hoac oxit kim loai tren b§ mat hay 
trong mao quan vat lieu, chung td Fe da di vao trong 
mang cua SBA-16 hoac dugc phan tan dudi dang 
cac hat nana cd kich thudc nhd hon kich thudc mao 
quan cua Fe-SBA-16 [9]. Ket qua nay hoan toan phii 
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hgp vdi ket qua nhan dugc tir phuang phap nhilu xa 
lia X. 
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Hmh 4: Dudng phan bo kich thudc mao quan thco 
BJIlcuaFc-SBA-16 

Phgm Xudn Niii vd cdng si/ 

So sanh hinh dang va cau triic cua Fe-SBA-16 va 
SBA-16 (hinh 0 ta thay cau true cua chung kha 
giong nhau dieu nay chirng td khi cho them muoi 
vao gel khi tong hgp khdng lam anh hudng den cau 
triic cua loai v$y li?u nay. Qua hinh anh TEM ta 
cung thay dugc lo^i v^t lieu nay cd he thdng cau triic 
mao quan kha dong deu va sy sSp xIp ciia cac mao 
quan cd dg ir^t ty cao [8 10]. 

3.2. Hoat tinh cua xuc tac 

San pham phan irng dugc phan tich bang UV-
VIS, ket qua cho thay dai hap thu dac trung cho 
nhdm the -OH ciia vdng benzen d 270 nm va dam 
pho d viing 210 nm dac trung cho nhan vdng benzen 
da gan hoan toan bien mat tren phd UV-VIS ciia san 
pham phan irng, cd nghia la phenol da phan buy ghn 
nhu hoan toan. 
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Hinh 5: Anh TEM ciia mau: (f) SBA-16 [13] va Fe-SBA-16 
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Hmh 6: Phd UV-VIS ciia cac mau phenol va san pham oxi hda tren xiic tac 
Al-SBA-16 va Fe-SBA-16 

san pham va nguyen lieu dugc phan tich bang 
may sac ky Idng bao gdm: benzoquinon, catechol, 
hydroquinone, axit muconic, cac san pham khac va 
mdt lugng rat nhd phenol cdn lai. Ket qua dugc trinh 
bay d bang 1. 

Tir cac dir kien thuc nghiem d bang 1 cho thay 
xuc tac Ee-SBA-16 cd do chuyen hda cao hon 
(98,02%) so vdi Al-SBA-16 (88,32%). Nhu vay, ddi 

3+ 

3+ vdi su cd mat cua ion Fe do chuyen hda phenol 

tang len rat manh. Trong qua trinh oxy hda, Fe xiic 
tac cho qua trinh phan huy H2O2 tao nen gdc tu do 
HO [14, 15]. 

Fe^' + H2O2 HO/ + H^ + Fe' 
H2O2 -^ HO* + HO' + Fe' 

Gdc HO* dugc sinh ra tac dung vdi phenol sinh 
ra catechol, hydroquinon, benzoquinon va axit 
muconic. 

De lam ro hon ve tiem nang irng dung ciia vat 
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lieu xiic tac Fe-SBA-16, thi nghiem tiep theo dugc 
thuc hien bang phan irng oxi boa phenol dd muc 
dich the hien tinh uu viet ciia vat lieu cd kich thudc 
mao quan ldn. Ket qua phan tich HPLC (hinh 7) cho 
thay phenol dd vdi thdi gian luu 2,131 da chuyen ddi 
thanh nhirng chat khac vdi thdi gian luu khac nhau 
(1,773; 2,459; 3,124). 

Bang viec so sanh thai gian luu va sir dimg cac 

hda chat chuan la cac axit huu co mach ngan nhu 
axit oxalic, axit maleic, axit fumaric va axit fomic. 
Trong dd axit oxalic (tuong ung vdi thdi gian luu 
2,459) la axit cacboxylic chinh dugc hinh thanh qua 
qua trinh md vdng ciia cac san pham oxi hda phenol 
dd va cudi ciing chimg phan hiiy thanh CO2 va H2O. 
Dieu nay hoan toan phii hgp vdi ket qua phan tich 
UV-Vis (hinh 8). 

Bdng 1: Su phiin bd san pham sau phan irng oxi hda phenol d pha Idng bang H2O2 trong su cd mat 
ciia xiic tac Al-SBA-16 va Fc-SBA-16 

Xiic tac 

Fe-SBA-16 

Al-SBA-16 

Do 
chuyen 
hda, % 
98.02 

88,32 

Phenol 

1,98 

11,68 

Benz 

30,81 

36,58 

Phan bd san pham, % 
Benzoquinon Catechol 

6,45 

4,87 

Hydroquinone Axit Cac san 
muconic pham khac 

18,43 41,34 2,97 

15,25 38,73 4,57 
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Hmh 7: Sac ky do cua phenol dd va san pham sau khi phan buy tren xuc tac Fe-SBA-16 

San pham phan img dugc phan tich bang UV-
Vis, ket qua cho thay dai hap thu dac trung cho 
nhdm the -OH ciia vdng benzene d 270 nm va dam 
phd d vimg 433 nm dac trung cho budc nhay 71 -> 
71 ciia he mang mau da gan hoan toan bien mat tren 
phd UV-VIS ciia san pham phan irng, cd nghia la 
phenol dd da phan buy gan nhu hoan loan [8]. 

Dya vao tai lieu tham khao va lay ket qua de so 
sanh [4], vdi phan irng oxy hoa phenol dd cung dugc 
tien hanh tren xuc tac Fe-ZSM-5. Cd thi thay rang 
do chuyen hoa tren xuc tac Fe-SBA-16 dat 98,02%, 
Al-SBA-16 dat 88,32% trong khi dd tren xuc tac Fe-
ZSM-5 chi dat dugc 35% ciing vdi ty so Si/Fe = 20, 
tu'c la ciing lugng tam Fe, nhung vdi kich thudc mao 
quan khac nhau cua Fe-SBA-16 va Fe-ZSM-5 la 60 
A va 5,6 A tuong ung, phan tir phenol dd cd kich 
thudc khoang 16 A khd cd the khuech tan trong he 
mao quan ciia Fe-ZSM-5. 

Hinh 8: Phd UV-VIS cua phenol dd va cac san phim 
oxi hda tren xiic tac Fe-SBA-16 
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4. KET LUAN 

Tdng hgp thanh cdng vat lieu mao quan trung 
binh SBA-16, Al-SBA-16 va Fc-SBA-16 co ly sd 
Si/Al = 20 vii Si'Fe = 20 trong dicu kicn thuv nhict 
lOOT, pH < 1 vdl su cd mat cua hai khdi ddng hinh 
copolime Pluronic la F127 va P123. 

Viec dua Al va Fe \AO viu lieu SBA-16 bang 
phuong phap tdng hgp true ticp cho thav. sir cd mat 
cua Al hoac Fe trong gel long hop khdng anh huang 
den cau triic diic trirng cua v ai lieu. 

cac mau SBA-1(1 va Al-SBA-16 va Fe-SBA-16 
tdng hgp deu co ciiti tnic dac trung cua viit lieu mao 
quan trung binh, co ciiu tnic lap phuong ba chieu co 
trat tu vdl do trat tu cao. Mau 1 c-SBA-16 co dien 
tich be mat rieng la 540 m" g dudng kinh mao quan 
60 .A. do diiv thanh mao quan 80 A. 

Xiic tac Al-SBA-16 va Fe-SBA-16 cho hieu suiit 
rat cao trong phan irng oxv boa phenol v a phenol do, 

Trong phan irng oxi hoa phenol do, Fe-SBA-16 
the hicn do chuyen hoa cao va sau ban so vdi Fc-
ZSM-5. Ket qua niiv cho ihiiv rd tinh uu viet cua viu 
lieu cd kich thudc mao quan trung binh Fe-SBA-16 
trong viec xu lv cac hgp chat huu co' d nhiem cd 
kich thudc ldn trong nudc (nudc sinh boat, nudc 
thai...). Fe-SBA-16 va Al-SBA-16 la nhu'ng chat xiic 
tac rat trien vgng trong xu ly cac chat hiru co' ddc hai 
cd kich thudc ldn ciing nhu cac phan doan dau nang 
can dugc xu ly. 
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